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Abstract: Naturally infertile soils require large amounts of mineral fertilizers to obtain the desired
crop yield. In the Cerrado region of Brazil, there is a need to investigate the potential of organic
fertilizers to sustainably increase crop productivity and food security. A field study was conducted
over two experimental seasons to evaluate the agronomic effectiveness of composted sewage
sludge (CSS) as a fertilizer for soybean cultivation in infertile tropical soils. A 4 × 2 + 2 factorial
randomized complete block design was applied with the following treatments: (i) CSS: 5.0, 7.5, 10.0,
and 12.5 Mg ha−1 on a wet basis applied according to two different methods: whole area (WA) or
between rows (BR); (ii) comparison with two alternative treatments: a control with no CSS and mineral
fertilizer application, and an area treated with conventional fertilizers only. All the treatments were
compared in terms of micronutrient concentrations in surface soil and plant leaves, plant development,
crop productivity, and yield. Bi- (ANOVA, correlation matrix, and polynomial regression analysis) and
multivariate (PCA, principal factor analysis) statistics were applied to determine statistical differences
and relationships/observed variability among the treatments. Results showed that at higher CSS-WA
rates: (i) soil and leaf micronutrient concentrations increased; (ii) there was an increase in soybean
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yield by 12 and 20%, respectively, as compared to control and conventional fertilization; (iii) soybean
yield was 67% higher than the mean soybean yields for Brazil. Research outcomes confirm the
benefits of CSS application on infertile agricultural soils in the Cerrado region, representing a strong
alternative source of micronutrients in the CSS with respect to conventional fertilizers.
Keywords: Glycine max (L.) Merrill; byproduct; organic fertilizer; plant nutrition; sewage sludge
1. Introduction
Sewage sludge (SS) is an organic byproduct derived from wastewater treatment plants (WWTP)
that may contain a large amount of organic matter (OM) and plant nutrients, including nitrogen (N),
phosphorus (P), and micronutrients [1–3]. While SS is often discarded in landfills [4], it has enormous
potential as a fertilizer to improve soil fertility in both agricultural [5] and agroforestry operations [6].
The use of SS as a fertilizer or soil amendment is becoming increasingly popular worldwide.
Matos [7] reported that the USA and several European countries utilized more than 50% of
SS in agriculture. In Brazil, the National Council of the Environment (Conselho Nacional do
Meio Ambiente—CONAMA) regulates agricultural and forestry use of SS—CONAMA Resolution
498/2020 [8]. While CONAMA encourages SS use in agriculture, there are concerns that have limited
SS adoption in Brazil, as evidenced by the fact that less than 3% of SS in Brazil is currently used in
agriculture [7]. Such low SS adoption is also attributed to the scarcity of research into SS use as a
fertilizer or soil amendment in Brazil. However, the prominent role of Brazil as a major agricultural
commodity producer in the global markets [9] warrants that fertilizers such as SS must receive further
research attention. Recently, the Brazilian government approved a revision of the aforementioned
Resolution [10], clarifying there are no further restrictions in the use of composted sewage sludge (CSS)
as an organic fertilizer.
Despite having potentially toxic elements and pathogens, including helminth eggs, protozoan
cysts, and Escherichia coli [11], CSS can be a valuable fertilizer option in both agricultural and forestry
operations [12]. Indeed, composting processes substantially reduced pathogenic loads [13], which has
also proven to be a relatively low-cost technique for providing stabilization in terms of organic matter,
nutrients, and general physical-chemical characteristics [14,15]. Composting results in a product that
can be used safely and classified by national and international regulations as organic fertilizers [16].
As a matter of fact, when CSS is applied at agronomic rates, both Guerrini et al. [16] and Jakubus
and Graczyk [17] found that potentially toxic element concentrations did not increase over natural
background concentrations (NBC) or quality reference values in soils. The large consumption and high
cost of fertilizers in the agricultural sector necessitates the use of alternative micronutrient sources to
reduce demand for mineral fertilizers and increase profitability [18].
Apart from CSS, several other mineral and organic materials have been investigated as soil
fertilizers in infertile soils as potential alternatives to synthetic fertilizers. Examples include
biochar (alone or in composted mixtures), livestock manures, woody residues (sugarcane bagasse,
food processing biproducts), and minerals [19–21]. Mixtures that include both organic and mineral
materials, such as lake-dredged materials [22,23], or a combination of the previous mineral-organic
materials, have also been explored. The primary problems in their re-use, in comparison with
CSS, as fertilizers in infertile soils include: (i) higher market cost (zeolite, struvite, clay minerals);
(ii) poor market availability and environmental accessibility (lake-dredged materials); (iii) requiring
complex and expensive technologies for amendment/fertilizer formulation (biochar, biochar-composted
mixtures, struvite); (iv) restrictions imposed on their re-use (fly ash, slag, lake-dredged materials,
livestock manure, food processing biproducts); and (v) low effectiveness when used alone (limestone,
wood residues) [20–23].
Agronomy 2020, 10, 1677 3 of 19
Additional advantages of CSS re-use in agriculture relate to: (i) its accessibility as it is produced
in great amounts at WWTP; (ii) its costs, mainly related to its transport that can be substantially
reduced by using CSS in areas close to WWTP [15,16]; (iii) satisfaction of the circular economy
perspective [24], i.e., waste recyclable materials are re-used by reintroducing it into the economy as
new raw materials, thus ensuring and increasing the security of supply [17]. Indeed, as argued by
Barros et al. [25], byproducts re-use in agriculture must guarantee not only adequate amounts of
high-quality food production but also avoid natural resources deterioration. In other words, it must be
both environmentally safe and profitable [17].
Naturally infertile soils are widespread throughout the world, often constraining crop productivity
unless large amounts of lime and mineral fertilizers are used. Considering that the global human
population is expected to exceed 9.8 billion people by 2050 [26], the proper use of these infertile soils
represents a pivotal issue requiring appropriate scientific and technical efforts.
The Brazilian Cerrado is a tropical region characterized by irregular precipitation and naturally
infertile, acidic, and strongly leached soils [1]. These soil features are not conducive to the cultivation
of major commodities, such as soybean (Glycine max (L.) Merrill), one of the most important crops
cultivated globally for both human and animal consumption [27]. Soybean production in Brazil
exceeded 120 million metric tons during the last crop year, thus representing the third most important
crop in Brazilian agriculture in terms of production value. As a matter of fact, Brazil is the second largest
global producer of this oilseed used as an alternative protein source in plant- and animal-based diets,
soymilk, biodiesel, etc. Unfortunately, soybean is highly sensitive to micronutrient deficiencies [28],
which necessitates the use of large amounts of mineral fertilizers to make cultivation economically
feasible [29]. This dependency on mineral fertilizers has led to concern about the environmental
and socio-economic sustainability of Brazilian agriculture. Brazil is a market leader for several other
commodities (corn, Zea mays L.; sugarcane, Saccharum officinarum L.; Coffea sp., ethanol, etc.) which
are exported worldwide [30] and also uses substantial amounts of mineral fertilizers. Consequently,
development of best management practices for Brazilian agricultural soils is of worldwide strategic
importance to better ensure food safety and production.
The use of CSS as a micronutrient source on naturally infertile soils, such as those characterizing
the Cerrado region, has not been previously investigated. CSS application in agricultural soils in such
ecosystems is something new, particularly in terms of micronutrients source. Consequently, this makes
the present study quite innovative, current, and very important for the Brazilian agricultural and,
as previously observed, worldwide scenario.
The objectives of this study were to evaluate: (i) the agronomic viability of CSS as a soil fertilizer;
(ii) the agronomic performance of soybean in the Cerrado region as affected by CSS. We hypothesized
that CSS application on the infertile soils of the Cerrado region would improve soil micronutrient
availability and crop yield.
2. Materials and Methods
2.1. Experimental Area
A field study was conducted over two experimental seasons (2017/2018 and 2018/2019, starting
from September 2017) in Mato Grosso do Sul, Brazil (20◦20′35′′ N, 51◦24′04′′ E; 358 m asl, Figure 1a).
Investigated soils were acidic and sandy-clayey (Rhodic Hapludox; [31]) with a high cation exchange
capacity (CEC) but low organic matter and nutrient content (Table 1). Prior to this study, the experimental
site was continuously cropped with maize under conventional tillage and dryland conditions for
approximately 10 years. Weather data were collected throughout the study (Figure 2).
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Figure 1. Study area: Selvíria Municipality, Mato Grosso do Sul State—MS, Brazil (a); soybean 
experimental area: plots (b); soybean experimental area: different field experimental steps (c); 
schematic representation of the planting configuration (d). 
Table 1. Physical-chemical properties 1 of the soil (surface Ap horizon) in the study area. 
Physical-Chemical Properties Units Values 2 
Sand g kg−1 550 ± 13 
Silt g kg−1 80 ± 3 
Clay g kg−1 370 ± 19 
pH-CaCl2 - 4.5 ± 0.1 
SOM g kg−1 19.0 ± 1.2 
Presin mg kg−1 16.0 ± 0.6 
CEC mmolc kg−1 63.7 ± 0.9 
K+ mmolc kg−1 1.7 ± 0.2 
Ca2+ mmolc kg−1 13.0 ± 0.6 
Mg2+ mmolc kg−1 12.0 ± 1.0 
Al3+ mmolc kg−1 4.0 ± 0.0 
H+Al mmolc kg−1 37.0 ± 2.3 
SB  mmolc kg−1 27.0 ± 1.7 
BS % 42 ± 3 
S-SO4 mg kg−1 15.0 ± 0.6 
B mg kg−1 0.22 ± 0.04 
Cu mg kg−1 1.8 ± 0.1 
Fe mg kg−1 15.0 ± 0.6 
Mn mg kg−1 18.8 ± 0.6 
Zn mg kg−1 0.6 ± 0.1 
1 Analyses performed in accordance with official procedures [32,33] and data are expressed as mean 
± SE, (n = 3). 2 Values on an air-dried basis. SOM = soil organic matter; CEC = cation-exchange capacity; 
SB = sum of bases; BS = base saturation. 
Figure 1. Study area: Selvíria unicipality, ato rosso do Sul State S, Brazil (a); soybean
experi ental area: plots (b); soybean experi ental area: different field experi ental steps (c);
sche atic representation of the planting configuration (d).
Table 1. Physical-chemical properties 1 of the soil (surface Ap horizon) in the study area.
Physical-Chemical Properties Units Values 2
Sand g kg−1 550 ± 13
Silt g kg−1 80 ± 3
Clay g kg−1 370 ± 19
pH-CaCl2 - 4.5 ± 0.1
SOM g kg−1 19.0 ± 1.2
Presin mg kg−1 16.0 ± 0.6
CEC mmolc kg−1 63.7 ± 0.9
K+ mmolc kg−1 1.7 ± 0.2
Ca2+ mmolc kg−1 13.0 ± 0.6
Mg2+ mmolc kg−1 12.0 ± 1.0
Al3+ mmolc kg−1 4.0 ± 0.0
H+Al m olc kg−1 37.0 ± 2.3
SB m olc kg−1 27.0 ± 1.7
BS % 42 ± 3
S-SO4 mg kg−1 15.0 ± 0.6
B mg kg−1 0.22 ± 0.04
Cu mg kg−1 1.8 ± 0.1
Fe mg kg−1 15.0 ± 0.6
Mn mg kg−1 18.8 ± 0.6
Zn mg kg−1 0.6 ± 0.1
1 Analyses performed in accordance with official procedures [32,33] and data are expressed as mean ± SE, (n = 3).
2 Values on an air-dried basis. SOM = soil organic matter; CEC = cation-exchange capacity; SB = sum of bases;
BS = base saturation.
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Figure 2. Monthly accumulated rainfall, relative humidity, mean, maximum (max.), and minimum 
(min.) temperatures recorded during the cultivation of soybean crops. Data were collected from the 
weather station managed by the School of Engineering at the São Paulo State University, Ilha Solteira, 
Brazil. 
Soybean crops were investigated over two experimental seasons (Figure 1b,c). Soybean was the 
focus of this study because of its importance in human and animal diets, in addition to its sensitivity 
to micronutrient deficiency (e.g., B, Cu, Mo, and Zn) when grown in infertile soils such as those 
characterizing the Cerrado region of Brazil [27]. 
Soil preparation began in September of the first experimental season, in accordance with 
Brazilian agronomic operational activities [34]. Soil was tilled to 30 cm in depth, and soybean was 
sown in 10 different plots according to the number of treatments with four replications (vide supra), 
resulting in a total of 40 plots. Each plot (Figure 1d) measured 3.15 × 10 m with rows spaced 0.45 m 
apart, leading to 31.5 m2 plots and a study area of 1260 m2. Within each plot, data were collected from 
the three central rows (Figure 1d). 
2.2. Experimental Design and Treatments 
The experiment was set up in a randomized complete block design with four replications. The 
experimental design in the study followed a 4 × 2 + 2 factorial arrangement: 1. CSS: 5.0, 7.5, 10.0, and 
12.5 Mg ha−1 on a wet basis; 2. application method: whole area (WA, hereafter) or between rows (BR) 
for both crops. The two additional treatments were: (i) a control where neither CSS nor mineral 
fertilizers were applied; (ii) an area treated with conventional fertilization (CF) only. In CSS and CF 
treatments, N-P-K mineral fertilizers were applied along the sowing line; only in CF treatments, B 
and Zn were applied after soybean emergence. In particular, the following nutrients per rates were 
applied: 16 kg ha−1 of N (as urea, 45% N), 80 kg ha−1 of P2O5 (as triple superphosphate, 40% P2O5), 80 
kg ha−1 K2O (KCl, 60% K2O), 1 kg ha−1 of B (as boric acid, 18% B), and 5 kg ha−1 of Zn (as zinc sulphate, 
20% Zn). 
Figure 2. Monthly accumulated rainfall, relative humidity, mean, maximum (max.), and minimum (min.)
temperatures recorded during the cultivation of soybean crops. Data were collected from the weather
station managed by the School of Engineering at the São Paulo State University, Ilha Solteira, Brazil.
Soybean crops were investigated over two experimental seasons (Figure 1b,c). Soybean was the
focus of this study because of its importance in human and animal diets, in addition to its sensitivity
to micronutrient deficiency (e.g., B, Cu, Mo, and Zn) when grown in infertile soils such as those
characterizing the Cerrado region of Brazil [27].
Soil preparation began in September of the first experimental season, in accordance with Brazilian
agronomic operational activities [34]. Soil was tilled to 30 cm in depth, and soybean was sown in
10 different plots according to the number of treatments with four replications (vide supra), resulting in
a total of 40 plots. Each plot (Figure 1d) measured 3.15 × 10 m with rows spaced 0.45 m apart, leading
to 31.5 m2 plots and a study area of 1260 m2. Within each plot, data were collected from the three
central rows (Figure 1d).
2.2. Experimental Design and Treatments
Th experiment w s set up i a randomized complete block design with four replications.
The experimental design in the study followed a 4 × 2 + 2 factorial arrangement: 1. CSS: 5.0, 7.5, 10.0,
and 12.5 Mg ha−1 on a wet basis; 2. application method: whole area (WA, hereafter) or between rows
(BR) for both crops. The two additional treatments were: (i) a control where neither CSS nor mineral
fertilizers were applied; (ii) an area treated with conventional fertilization (CF) only. In CSS and CF
treatments, N-P-K mineral fertilizers were applied along the sowing line; only in CF treatments, B and
Zn were applied after soybean emergence. In particular, the following nutrients per rates were applied:
16 kg ha−1 of N (as urea, 45% N), 80 kg ha−1 of P2O5 (as triple superphosphate, 40% P2O5), 80 kg ha−1
K2O (KCl, 60% K2O), 1 kg ha−1 of B (as boric acid, 18% B), and 5 kg ha−1 of Zn (as zinc sulphate,
20% Zn).
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2.3. Sewage Sludge Characterization
Composted sewage sludge (CSS) was produced from thermophilic composting of urban organic
waste from the municipal WWTP (Tera Ambiental Ltd.a®) in São Paulo State, Brazil. Techniques used
for CSS preparation along with its main chemical and biological features are presented in Table 2.
Table 2. Chemical and biological characteristics of composted sewage sludge (mean ± SE, n = 3).
Unit Values Limits 1
Chemical Features 2017/18 2018/19
pH (CaCl2) - 7.0 ± 0.1 7.3 ± 0.06 -
Moisture (60–65 ◦C) % 41.0 ± 0.3 34.43 ± 0.53 -
Total moisture % 45.5 ± 0.2 35.77 ± 0.61 -
Total OM g kg−1 308.7 ± 10.0 255.0 ± 7.37 -
CEC mmolc kg−1 520.0 ± 20.0 - -
C/N - 12.0 ± 0.8 9 ± 0.58 -
Total N g kg−1 13.9 ± 0.3 15.3 ± 1.53 -
Total P g kg−1 12.3 ± 1.4 14.1 ± 0.00 -
Total K g kg−1 6.0 ± 2.2 8.2 ± 0.38 -
Total Ca g kg−1 19.4 ± 4.4 31.1 ± 1.08 -
Total Mg g kg−1 5.2 ± 0.5 9.9 ± 0.21 -
Total S g kg−1 4.8 ± 0.3 8.4 ± 1.44 -
Total Na mg kg−1 3930 ± 32 3915 ±32 -
PTE content
As mg kg−1 3.2 ± 1.8 - 20.0
B mg kg−1 94.0 ± 4.5 94.0 ± 4.6 NR
Cd mg kg−1 1.00 ± 0.01 - 3.0
Cu mg kg−1 237.0 ± 16.5 191.2 ± 5.8 NR
Pb mg kg−1 18.1 ± 1.6 - 150.0
Cr mg kg−1 54.3 ± 1.8 - 2.0
Fe mg kg−1 16,400 ± 1300 14,708 ± 249 NR
Mn mg kg−1 246 ± 37 310 ± 15.01 NR
Hg mg kg−1 0.22 ± 0.09 - 1.0
Mo mg kg−1 5.26 ± 0.23 - NR
Ni mg kg−1 26.5 ± 0.5 - 70.0
Zn mg kg−1 456 ± 8 684 ± 7 NR
Biological analysis
Salmonella sp. MPN 10 g−1 Absent Absent
Fecal coliform MPN g−1 0 <10
3 MPN g−1 on
dry weight
Viable helminth eggs Eggs g−1 on dry weight 0.12 <10 Eggs g
−1 on
dry weight
1 Limits to organic fertilizers use established by the Ministry of Agriculture, Livestock and Food Supply in Brazil [10].
PTE = potentially toxic elements; NR = not ruled; MPN = most probable number.
Sewage sludge was generated in a biological system composed of a sequence of aerated, mixing,
and sedimentation ponds for a period of approximately one year. In order to reduce the presence
of pathogenic agents and to obtain material containing up to 25% solids, sewage sludge was further
treated with raw wood chips (representing the main C source) and polymers. It was then centrifuged,
and air dried for three months, with or without periodic mechanical turnover of the piles through a
system of forced aeration. During the processing stage, limestone and plaster were added at <5% (on
dry mass basis). After cleaning and reaching the ideal moisture content (about 40%), the SS was sieved
and piled for maturation for an additional 15 days, prior to the final CSS production.
Agronomy 2020, 10, 1677 7 of 19
2.4. Soil Preparation
Prior to this study, soil was limed using 2.2 Mg ha−1 with the aim of increasing base saturation (BS)
to 70%. Additionally, gypsum was applied at a rate of 1.8 Mg ha−1 in accordance with recommendations
by Raij et al. [35].
For weed management, glyphosate and 2,4-Dichlorophenoxyacetic acid were applied at rates of
1.8 kg ha−1 of a.i. and 0.67 kg ha−1 of a.i., respectively, two weeks before sowing and CSS application.
Following herbicide application, CSS was manually spread out on the soil surface one week before
(in WA plots) and after (in BR plots) sowing, considering the moisture content of the material (45% for
I experimental season and 36% for II experimental season).
Before sowing, seed was treated with both fungicides (thiophanate-methyl + pyraclostrobin, i.e.,
5 g + 45 g of a.i. per 100 kg of seed, respectively) and insecticides (fipronil—50 g of a.i. per 100 kg of
seed). Soybean (cultivar BMX Potência RR) was sown in November at approximately 400,000 plants
per ha and was mechanically harvested in April of the two experimental seasons.
Plots receiving CSS also were supplemented by mineral fertilizer because soil testing indicated
initial nutrient deficiencies based on recommendations by Raij et al. [35]. Specifically, plots received
16 kg ha−1 of N (as urea), 80 kg ha−1 of P2O5 (as triple superphosphate), and 80 kg ha−1 of K2O (as
potassium chloride, [36]). Soybean seed was inoculated at sowing with Bradyrhizobium japonicum strain
SEMIA 5079 (2 mL per kg of seed containing 5 × 109 CFU g−1) to better supply the crop with N and to
reduce the use of mineral fertilization. Based on soil test results and micronutrient recommendations
for soybean by the State of Sao Paulo [35], during the I two experimental season, in plots treated with
conventional mineral fertilizers (CF), 1.0 kg ha−1 of B (H3BO3) and 5.0 kg ha−1 of Zn (ZnSO4) were
applied immediately after seedling emergence. During the II experimental season, it was not necessary
to apply Zn, but the same amount and source of B was applied.
All CF were applied on the soil surface, without incorporation, at approximately 0.08 m away
from sowing lines to avoid direct contact with plants. Plots were irrigated through an automatized
system with irrigation starting immediately after the first fertilizer application to minimize nutrient
losses through volatilization. Irrigation was managed according to crop needs and weather conditions,
with a mean water depth of 14 mm of irrigation when necessary.
2.5. Chemical Analysis
2.5.1. Soil Analysis
At the end of each crop cycle five samples were randomly collected in the Ap horizon (0–0.2 m) of
each plot, in both BR and WA areas. Samples were bulked and a random subsample was collected and
used to determine nutrient concentrations. Copper, Fe, Mn, Ni, and Zn (bio)available concentrations
were evaluated according to DTPA-TEA extraction methods [33]. Micronutrient concentrations in the
extracts were then analyzed by inductively coupled plasma atomic emission spectroscopy (ICP–OES,
Model Varian Vista-MPX, Varian, CA, USA). Boron content was evaluated by extraction with barium
chloride and then quantified using a UV-VIS spectrophotometer (Model Varian Cary-50, Varian,
Victoria, Australia).
All analyses were conducted in triplicate and blank samples were analyzed simultaneously.
In order to ensure very low limits of detection, all acids, reagents, and water were instrument-compatible
grade. Standard reference material (SRM 2709a—San Joaquim) was used to ensure the accuracy and
precision of the analytical methods.
2.5.2. Plant Analysis
Soybean leaves were collected to determine nutrient concentrations. The third completely
developed leaf, starting from the apex of the main stem to the base, was collected with 30 leaves
randomly collected from each soybean plot at the flowering growth stage (R2) [37].
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After a wet digestion of the dry material, with nitric (HNO3) and perchloric acid (HClO4), the leaf
micronutrient concentration was determined using the methods described by Malavolta et al. [38].
Briefly, the azomethine-H colorimetric method was used for B, while atomic absorption spectrometry
was used for Cu, Fe, Mn, and Ni determination.
2.6. Plant Development and Productivity
Several plant parameters were evaluated for each crop. Plant height (PH), height of the first pod
(HFP), number of pods per plant (NPP), number of grains per pod (NGP), 1000 seed weight (SW),
were all measured in 10 randomly selected plants per each of the investigated treatment. Final plant
population (FPP) was measured for the entire plot. All these measurements were made during the
physiological maturation period (R8).
Soybean was harvested 126 days after seedling emergence (DSE). Its yield was measured by
manually harvesting all plants, inside the data collection area (Figure 1d) of each investigated plot.
Harvested plants were then collectively weighed and yield values reported in terms of kg ha−1.
Final values were corrected in order to consider an observed 13% in moisture content.
2.7. Statistical Analysis
Univariate and multivariate analyses were conducted using SAS (v. 9.3; SAS Institute, Cary, NC,
USA) [39] and RStudio (v. 4.0.3; RStudio Desktop, Boston, MA, USA) [40]. Data were compared using
analysis of variance (ANOVA). Where the F-test was significant, differences between mean values
according to CSS applied rates (5.0, 7.5, 10.0, and 12.5 Mg ha−1 on a wet basis), application method (WA
or BR), and experimental season (I vs. II experimental season) were tested through a Tukey’s post hoc
honest significant difference test (p ≤ 0.05). Dunnett test (p ≤ 0.05) was applied for testing significant
differences due to CSS applied rates and additional treatments (control and CF) and polynomial
regression analysis was performed to evaluate interactions and/or effects of CSS applied rates.
Correlation matrix (CM) and factor analysis (FA) were elaborated to understand bivariate and
multivariate relationships among investigated parameters. For CM, Pearson’s product moment
correlation coefficient was used from Box-Cox transformed data with statistical significance determined
by the Student’s t-test (p ≤ 0.05). Factor analysis (FA) based on the CM was used to explain the variation
in a multivariate dataset with as few factors as possible. For the facilitation of the interpretation of the
results, varimax rotation was used and its significance fixed at p ≤ 0.05.
3. Results and Discussion
3.1. Soil
There was an interaction between the method and rate of CSS application on soil micronutrient
concentrations during both experimental seasons (Table 3). During the first experimental season,
application of CSS in WA resulted in a significant linear increase in soil B concentration as well as
a positive quadratic adjustment in soil Zn concentration (Table 4). During the second experimental
season, there was a linear increase in soil B, Cu, and Fe concentration as well as a positive and negative
quadratic adjustment in soil Zn and Mn concentration, respectively (Table 4). Higher CSS application
rates (7.5–12.5 Mg ha−1) resulted in the highest soil B, Cu, and Zn concentrations (Table 3) for both
investigated experimental seasons when the WA method was applied. Fe and Mn concentrations did
not differ among all investigated treatments (Table 3). The increase in soil B, Cu, and Zn concentrations
was expected since CSS contained substantial amounts of these elements (Table 2). During the
first experimental season, in most cases, the CSS application in BR had no effect on micronutrient
concentrations, with the exception of Zn, which presented a negative quadratic adjustment (Table 4).
During the second experimental season, the situation was quite similar to that observed with the WA
method in terms of both micronutrient behavior (Table 4) and increased concentrations at higher CSS
rates (Table 3).
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM:
WA = whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment
B Cu Fe Mn Zn
WA BR WA BR WA BR WA BR WA BR
______________________________________________________________ I experimental season ________________________________________________________________________
Control 0.20
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri n  c nce tration (mg kg−3) af er two consecutiv  experimental seasons of s ybean cultivation according to application method (AM: WA = 
whole area; BR = between r ws) and treatments (control, conventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________________________________ I experimental season _________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ# 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#  29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a   0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___________________________________ _ _ _ _  II experimental season _________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0 31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1 6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________________  Interpretation limit 1 _________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant diff rences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase le ters) are indicated by different lett rs after means within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indic ted by different symbols (ϰ, #) after the means within th  sam  column. Significant differe ces (p ≤ 0.05; Tukey test) among the 
tr a ments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil micronutri n  con e tration (mg kg−3) fter two consecutive experimental seasons of s ybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, co ventional fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ________________________________________________ I experimental season ________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.  cB  0.41 b  2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB 0.64 a 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___ __ __ __ _________________________________________________ II experimental season ________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28  ^ 1 5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17 1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18 9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16 7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1 6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0 60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significa ce t p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant differenc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l tters) or applica ion methods (uppercase letters) are indicated by different l tter after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indic ted by different symbols (ϰ, #) after the means within the sam  column. Significant differe ces (p ≤ 0.05; Tukey test) among the 
tr atments for diff rent exp rim ntal seasons (I vs. II) ar  i dica ed by the presence of the care  symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient nce tration (mg kg−3) af er tw  co secutive exper men al seasons of soybean cultivation according to application method (AM: WA = 
whole ; BR = b tween r ws) and treatments (control conve tional fert lization (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____  I experimental season __________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB 2.7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ .  aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA 2.6 bA  2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental season __________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0 41 aA #^ 1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _______________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an NS—i dica e signif cance at p ≤ 0.05, p ≤ 0.01, nd n t significant, r spectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or applica ion methods (uppercas  l tt rs) are indicated by d fferent lett rs after mea s within th  same column. Significant differences (p ≤ 0.05; Dunnett 
test  m ng the treatme ts are indicated by different symbols (ϰ, #) aft r the mea s wi hin the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatmen  for differ nt experimental s asons (I vs. II) are indic ted by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il micronutri nt concentrati n (mg kg−3) af er two consecutive exper mental se sons of soybean cul vation according to application method (AM: WA = 
hole area; BR = between rows) and tre ments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season __________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ  0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB # 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _____ _________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0. 1–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate significa ce at p ≤ 0.05, p ≤ 0.01, and not s gnificant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l tters) o  application m thods (uppercase lett s) are indicated by different letters after eans within he same column. Significa t differences (p ≤ 0.05; Dunnett 
t st) among the treatm n s are indicat d by differe t s mbols (ϰ, #) aft r the eans withi  he same column. Significant differences (p ≤ 0.05; Tukey test) among the 
tre ments for di f ent exp r mental seasons (I v . II) are indi t d by the pr sence of th  caret symbol (^) aft r the eans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentration (mg kg−3) after two co secutive experimental seasons of soybea  cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 _______________ __ __ __ __ __ __ __ __ _ __ _ __ __  I experimental season __ __ __ _________________________________ __ __ __ __ __ __ __ _   
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0  .28 c  ^ 0.41 bA ^ 2.4 bcB ϰ^ .6   4  7 a  ϰ^ 8.6 B ^ 32.4 ab   .0  ϰ .2 A ^ 
7.5 CSS .43 a   0.31 cB 2.7 a  ^ .2  ϰ 5  1 b  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 B ^ 0.64 a  ^ .4 B ϰ^ 2.6 A  1 ϰ^    6.7 B  3 .9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental seas n ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  .   .    17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  .    18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.  c  #^ 
0.0  .26 b  ^ . 1 a  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  3.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 –1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ifi nce at p ≤ 0.05, p ≤ 0.01, an  not significant, re pectively. Significant differenc s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercas  
letters) or applicatio  method  (uppercase lett rs) are indicated by different letters after mea s within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) mong the treatments are indicated by different symbols (ϰ, #) after the mea s within th  sa e column. Significant diff rences (p ≤ 0.05; T key test) among t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri n  c ncentration (mg kg−3) af er two c secutiv  experimental seasons of s ybea  cultivation according to applicati  method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ __ __ __ __ __ _ __ _ __ __ __ __ ___________ I experimental season __ __ __ _ __ _ __ __ __ __ __ __ __ __ __ __ __ __ _ __   
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0  0. 8 c 0.41 bA ^ 2.4 bcB ϰ^ 6 aA ^ 4 ϰ^ ^ 28.6 aB 32 4 ab  ϰ#^ .0  ϰ 1.2 aA 
7.5  .43 a  ^ 0.31 cB 2.7 a ^ 2 2 bB ϰ 5 ϰ^ 21 A 9 1 A ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8  ϰ
0.0  0 35 B  .64 a  ^ 4 B ϰ^ 2 6 a  ^ 1 ^   ϰ^ 26.7 aB 35.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 ** 11. 2 * 
CSS rates 35.91 ** 0.42 NS 3.27 .63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___ __ __ __ _______________________________  II experimental season ______ __ __ __ __ __ __________________________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ .4 #^ 
5.0  0.24 ϰ^ .28  ^ .5 ϰ^ .  ^ .3  ϰ#^ 7. bc  ^ 7.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # .5  #^ 
7.5  0.27 A ^ 0 31 bA 4 ϰ^ .6 ^ A ϰ 18 7 b  ϰ 8 9 ϰ#^ 8 7 ϰ#^ 1 8 b #^ 7 c #^ 
0.0  0.26 bB 1 ^ ^ .7 ^ 17 0 bB ϰ#^ 23.0 aA  7 ϰ#^ .6 #^ 2.5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4  NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___ __ __ __ ____________________________  Interpretation limit 1 ___ _ ___ __ __ __ __ __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant diff renc s (p ≤ 0.05; Tuke  test) between CSS rates (lowercase 
letters) or application methods (uppercase le ters) are i dicated by different letters after means within the sam  column. Significant differe ces (p ≤ 0.05; Dunnett 
test) among the treatments are indic ted by different symbols (ϰ, #) after the means within the sam  column. Significant iffere ces (p ≤ 0.05; T key test) among the 
tr a ments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil icronutri t co ce tration ( g kg−3) after two secu iv  experimental se sons f soybean cultivation accordi g to application method (AM: WA = 
whole area; BR = between rows) and treatment  (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _  I experimental season ________________________________________________________________________  
Control . 0 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3  24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 ϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab  #^ 1.0 b  ϰ 1.2 A ^ 
7.5 CS  0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ϰ^ 1 b   29.1 aA #^ 29.2 bc  #^ 1.3 b  ^ 0.8  ϰ^ 
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 21 aAϰ^   ϰ^ 6.7 B ϰ#^ 35.9 a  #^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 NS 19.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 b  ϰ 0.28 bA ^ .5 ϰ^ .  ^ .3  ϰ#^ 17.7bc  ϰ^ 7.1 ϰ#^ 7.1 ϰ#^ .2 cB # .5  #^ 
.5 CS  . 7bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA #^ 18.7 b  ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0  .26 b  ^ 0.41 aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 #^ 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _ _ _ _ _ _  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0 1–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate significance at p ≤ 0.05, p ≤ 0.01, a  not significant, resp ctively. Sig ifica t differences (p ≤ 0.05; Tukey test) betwe  CSS rates (lowercase 
l tters) or applicatio  met ods (upper se lett s) are indicated by different l tters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among tr tments are indicat d by different sy bols (ϰ, #) after the eans within the same column. Significa t differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimen al seas ns (I vs. II) are ind ca ed by the presence of the car symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentratio  (mg kg−3) after t o consecutive experimental seasons of s ybean cultivation according t  appli ation method (AM: WA = 
whole area; BR = between rows) nd treatments (control, conv ntional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ .4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3– .0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, re pectively. Significant ifferences (p ≤ 0.05; T key test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters aft r mea s within th  sa e colum . Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the mea  within the same colu n. Significa t differ nces (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri n  c nce tratio  (mg kg−3) af er two consecutiv  experimental seasons of s ybean cultivati  according t application method (AM: WA = 
whole area; BR = between rows) nd treatments (control, co ventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ___________________________________________  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 a  ^ 24 aAϰ^ 2  aA ϰ^ 28.6 aB ϰ#  32.4 abA ϰ#^ 1.0 b  ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 A ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB  0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 N  3.77 NS 19.73 *  11.6  ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________________________  II experimental seas  ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6  
CF 0. 2 #^ .3 ϰ^ 14.0 # 15.1 #^ .4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.  ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0 31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1 6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16 7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 N  2.45 NS 0.85 NS 20.97 * 
CSS rates  37.49 ** 4.59 * .55 * 13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ifica ce at p ≤ 0.05, p ≤ 0.01, and not sig ificant, res ctiv ly. Significant diff re c s (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
letters) or pplication methods (uppercase l ters) are indicated by differe t letters after mea s withi  the sa  column. Significant differences (p ≤ 0.05; Dunnett 
test) a ong the treatments are indic t d by different symb ls (ϰ, #) after the means within the sa  colu n. Significant diff re ces (p ≤ 0.05; Tukey test) among the 
tr a ments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
ˆ 27 aA
Agronomy 2020, 10, x   9 of 20 
Agron my 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.co /journal/agronomy 
Table 3. S il mi r nutrie t concentr tion (mg kg−3) after two onsecu ive exper mental seasons of soybean culti a ion according to application method (AM: WA = 
whole a ea; BR = betwe n rows) and treatments (control, co ven ional fertiliz ion (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____  I experimental season ________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ  24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aA ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 c  2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ .3 b  ^ 0.8 aB ϰ^ 
10.  CSS 0.35 bB ^ 0.64 A ^ 2.4 abB ϰ^ 2.6 aA  21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________ 
Control 0, 9 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ .6 17.3 bA ϰ#^ .7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 7.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.  bA #^ 1.7 cA #^ 
10.  CSS 0. 6 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * .55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** and NS—indicate s gnificance a  p ≤ 0.05, p ≤ 0.01, and not significant, resp ctively. Significant differences (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
l t ers) or applicati n methods (uppercase let rs) are indica ed by di f e t letters fter m ans withi the same olumn. Sig ificant differ nces (p ≤ 0.05; Dunnett 
test) a ong th treat ts ar  indicated by different symbols (ϰ, #) after t e ea s it i  t e sa e ol . Significant differences (p ≤ 0.05; Tukey test) among the 
treatments fo  different exp rimental seaso s (I vs. II) are indicated by the presence of the c r t sy bol (^) af er the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil mi ronutri t con e tr ti n (mg kg−3) fter two c nsecu ive exp riment l seas ns of s ybean cultiva i  according to application method (AM: WA = 
whole ar ; BR = betwe n rows) and treatme ts (c trol, co ventio al fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 b  2.4 bcB ϰ^ 2.6 a  ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA #^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 25 a ϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.  bc  #^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB  0.64  2.4 abB ϰ^ 2.6 aA ^ 21 ϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.7  ** 8.51 ** .44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ϰ^ 0.28 ^ 1.5 ϰ^ 1.6 ^ 7.3 bA ϰ#^ 7. bcA ϰ^ 17 1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS .27b ^ 0.31 bA .4 ϰ^ 1.6 ^ 17.0  ϰ#^ 18.7 bA ϰ 18 9 ϰ#^ 8.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ .6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.  aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
M dium 0.21–0 6  0.3–0.8 – 2 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significa ce t p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Sig ificant differe c s (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
l t ers) or application methods (uppercase lett rs) ar  i dica ed by i f ent l tter after means withi  the same olumn. Sig ifican differences (p ≤ 0.05; Dunnett 
test) a o g th tr atm nts are indic ed by different ymbols (ϰ, #) aft r the means within the same olumn. Sig ifi ant differe c s (p ≤ 0.05; Tukey test) among t e 
treatments f r diff rent xp rim ntal seaso s (I vs. II) ar  i dica ed by the presence of the c re  symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utr ent concentr i (mg kg−3) after t  c secutiv  exper mental season  of soybean cultivatio  according to application method (AM: WA = 
wh le area; BR = betw en row ) and treatments (co trol, conventional fertiliz io  (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________  I experimental season __ ____ __ __ __ __ __ __________________________  
Control 0. 0 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ .4  ^ 2.4 bcB ϰ^ .6 a  ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA  
7.5 CSS 0.43 a ^ 0.31 cB .7 a  ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29 1 A #^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.3  bB ^ .64  ^ 2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91  0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
__________________  II experimental season ____ __ __ __ __ __ ____________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0 24  ^ 0.28 bA 1.5 ϰ^ .6 ^ 7.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27  ^ 0. 1 b  1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8  #^ 1.7 cA #^ 
10.0 CSS 0 26 bB ^ 0 41 aA #^ 1.6  .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 *  4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __ ____ __ __ __ __ ____________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0– .5 
Me ium 0.21–0.60 .3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i te sig ificanc  at p ≤ 0.05,  ≤ 0.01, and ot significant, resp ctiv ly. Significant differenc s (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or application m thod  (upp rcas  l tters) are indicat by d fferent letters after mea s within t e same c lumn. Significant differences (p ≤ 0.05; Dunnett 
t st) mong t atmen s are in icat d y diff rent symbols (ϰ, #) af er the ea s within t e sam column. Significan  differences (p ≤ 0.05; Tukey test) a ong the 
tr atmen s for diff rent exper m tal seasons (I vs. II) ar indicated y the p sence of the caret sy bol (^) af er the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mic o u rient nce tration (mg kg−3) fter two consecutiv  xperiment l s sons of soybe n cult vati n accord ng to application method (AM: WA = 
whole ar a; BR = between ws) and r atme ts (control, co ve io al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _______________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 # 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 cB ^ 0. 1 bA ^ 2.4 bcB 2.6 a  24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 a  .2 B ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#  29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0 35 B ^ 0 64 aA ^ 2.4 abB 2. a ^ 21 a ϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^
12.5 CSS 0.43 a   0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 5.91 ** 0.42 NS 3. 7 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.7 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _______________________ 
Control 0,19 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0  5.1 #^ 1.4 #^ 
5.0 CSS .24 b ϰ^ 0 28 bA ^ 1.5 ϰ  1.6 ^ .3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
.5 CSS 0.27b ^ 0.31 bA 1 4 ϰ^ 1.6 ^ 7.0 bA ϰ#^ 8.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0 41 aA  1.6  1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _______________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.2 – .6  0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS— di ate sig ificanc  t p ≤ 0.05, p ≤ 0.01, and not ig ficant, respe tively. Sig ificant diff rences (p ≤ 0.05; Tukey te t) between CSS rates (lowercase 
letters) or applic ion methods (uppe case l tt r ) are dicated by dif erent l tt r  af er m a s within th sam  column. Sig ificant differences (p ≤ 0.05; Dunnett 
te t) g the treatm nts are ndi a ed by different symbols (ϰ, #) after he m a s within th same column. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
t atment  for different xp rim ntal se ons (I v . II) are indicat d by the pres nc of the caret symbol (^) af er the m ans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^
5.0 CSS 0.28 cB ^ 0. 1 bA ^ 2.4 bcB ϰ^ 2.6 24 aAϰ^ 27 a  ϰ^ 8.6 aB ϰ#^ 32.4 abA #  1.0 b  ϰ .  a  ^ 
7.5 CSS 0.43 aA ^ 0.31 cB .7 A ^ 2.2  ϰ 25 a ϰ 1  ϰ 29.1 aA ϰ#^ 29. bc  ϰ#  . b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 21 aAϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 3 .9 aA ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.  bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.6  ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 **
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental seas n ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5 1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1 2 cB # 1 5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ .8 b  #^ 1 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ 15.6 # .5 aA ^ 8 aA  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 **
CV (%) 9.0 8.0 8.2 9.8 14.6
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2 –0.2 0–4 –1.2 0–0.5
Me ium 0.21–0.60 .3–0.8 5–12 1.3–5 0 0.6–1.
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significa t differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application metho s (uppercase letters) are indicated by different letters after means within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by ifferent symbols (ϰ, #) after the eans within the same column. Significant differences (p ≤ 0.05; Tuke  test) amo g the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mi ronutrie t concentratio (mg kg−3) after two co secu ive xperimental seasons f soybea  cultiva ion according to application method (AM: WA = 
whole area; BR = betwe n rows) nd treatme ts (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ________________________ I experimental seas n ________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #^ 0.  ϰ^ 
5.0  .28 c  ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 A  4 A  7 a  ϰ^ 8.6 B  2.4 ab   .0  ϰ .2 A ^ 
7.5 CSS .43  ^ 0.31 cB 2.7 a  ^ .2  ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 B  0.64  ^ .4 B ϰ^ 2.6   1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 9.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________ II experimental seas n ________________________ 
Control ,19 ϰ 1.   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #  1.4  
5.0  0.24  ϰ^ 0.28 b  ^ .5  .   .3   7.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  .    18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.  c  #^ 
0.0  .26 b  ^ . 1 a  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  3.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________ Interpretation limit  ________________________ 
Low 0–0.2  –0.2 –4 –1.2 0–0.  
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Sig ificant diff rences (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
let ers) or applicatio  methods (uppercase let rs) are indica ed by di f ent letters after m a s within the sam  olu n. Sig ificant differences (p ≤ 0.05; Dunnett 
test) a ong th treatm nts are indica ed by different symb ls (ϰ, #) after the mea s within the same olum . Sig ific nt differences (p ≤ 0.05; T key test) am ng t e 
treatments for different xperimental seaso s (I vs. II) are indicated by the presence of the c ret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mi ronu ri n  c nce tr tion (mg kg−3) af er two consecutiv  experimental seasons of s ybean cultivation accordi g to application method (AM: WA = 
whole area; BR = betwe n rows) and eatments (c trol, co ventional fertilizatio  (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 ___________________________________________  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 2 ^ 3 .8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0  0.28 cB 0.41 b ^ 2.4 bcB ϰ^ 6 a  24 a ϰ^ ^ 28.6 aB  32.4 ab  ϰ#^ 1.0   1.2 aA 
7 5 .43 a  ^ 0.31 cB 2.7 aA ^ 2 2 bB ϰ 25 a ϰ^ 21 A 9.1 A ϰ#^ 29 2 bcA ϰ#^ 1.3 b  ^ 0.8 a  ϰ^ 
10.0 S  0.35 bB ^ 64 a  ^ 4 B ϰ^ 2 6 a  1 ^ 27 a  ϰ 26.7 aB  35.9 a  ϰ#^ 2 0 a  ^ 1.1 aB ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 7 NS 19.73 ** 11. 2 * 
CSS rates 35.91 ** 0.42 NS .27 .63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________________________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ .3 ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 14 0 # 15.1 #^ 1.4 #^ 
5.0 SS . 4  ϰ^ . 8  ^ 1 5 ϰ^ 1.6 ^ 17.3  ϰ#^ 7 bc ^ 17. ϰ#^ 17.  ϰ#  1.2 cB # .5 c  #^ 
5 0.27 A ^ 0 31 bA 4 ϰ^ 1.6 ^ .  A ϰ 18.7 b ϰ 18.9 ϰ#^ 8 7 ϰ#  8 b #^ 7 c #^ 
10.0 S  0.26 bB 1 ^ 1 6 ^ 1.7 ^ 7 0 bB ϰ#^ 23.0 aA 7 ϰ#^ 15.6 #^ 2.5 a  ^ 8 a ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.  cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.  bA 
F-test  
AM 48.76 ** 3 44 NS 2 4 NS 0.8  NS 20.97 ** 
CSS rates 37.49 * .59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0– .2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, d not sig ificant, respectively. Significant ifferenc s (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
letters) or application metho s (uppercase le ters) are indicated by diff rent letters after means within the sam  olumn. Significant differences (p ≤ 0.05; D nnett 
test) among the treatm nts are indic ted by ifferent symbols (ϰ, #) after the eans within the sam  olumn. Significant differe ces (p ≤ 0.05; T key test) among the 
tr atments fo  different experimental seaso s (I vs. II) are indica ed by presence of the car t symbol (^) after the me ns within the sam  co umn 1 Raij et al. [35]. 
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Table 3. Soil mi ro utr  co e trati n (mg kg−3) aft r two o s cu ive xperime tal seasons of s yb a  cultiva ion according to applicati  method (AM: WA = 
whole a ea; BR = between rows) and treatments (control, co ventional fert lization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________________________  
Control 0.20 ϰ .1  2 ^ 34.8 ϰ^ 0.5 ϰ 
CF .26 #^ 2.3 ϰ^ 24  25.6 #  0.6 ϰ^ 
5.0  0. 8 c 0.41 b  ^ 2.4 bcB ϰ^ 2.6 a  ^ 4 A    ^ 28.6 aB  32.4 ab  ϰ#^ .0  ϰ 1.2 aA  
7.5  .43   0.31 cB 2.7 aA ^ .2 bB ϰ 5 a  21 A ϰ 9.  A ϰ#^ 29.2 bc  ϰ#^ 1.3 b  ^ 0.8   
0.0  .35 B .64  .4 B ϰ^ 2.6 a  1 ^    26.7 aB  35.9 a  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  .7  NS 19.73 ** 11. 2 * 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 * 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________ 
Control 0,19 ϰ .   7.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF .42 #  1.3 ϰ^ 14.0 # 15.1 #^ .4 #^ 
5.0  0.24 A ϰ^ 0.28  ^ 1 5  .   .  bA  7. bc ^ 7.1  17.1  1.2 cB # .5   
7.5  . 7 A  0.31 bA 1.4 ϰ^ .6  .   ϰ#^ 18.7 b  ϰ 8.9  8.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  0.26 bB  . 1 ^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 7 ϰ#^ .6  2.5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6 ^ 1.6  20.5 aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CSS rates  37.49 * 4. 9 * .55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
 _____________________________________________ Interpretation limit 1 ________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 –0.5
Medium 0. 1–0.60 .3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** an NS—i dicate sig ificance a  p ≤ 0.05, p ≤ 0.01, and not sig ifi t, resp ctiv ly. Sig ifica t differenc s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
l t ers) r applicatio etho s (uppercase le rs) are indica ed by diff ent lett rs fter m ans wit i  the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) a o g th treat e ts are indic ed by ifferent symbols (ϰ, #) ter t e m a s within the sam  lumn. Sig ificant differe ces (p ≤ 0.05; T k y test) among the 
tr atments for ifferent xp rimental seasons (I vs. II) are indica ed by the presence of the c re  sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr nutr e t concentra ion (mg kg−3) after tw  co s cutiv  experimen al seasons of s y ean cultivation ac ording to application m thod (AM: WA = 
wh le rea; BR = betw en r w ) and treatments (co trol conve tio al fert lization (CF), and CSS incre ing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ______________________ __________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3  24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0. 1 bA ^ 2.4 bcB .6 aA ^ 4  7 a  ϰ^ 8.6  #^ 32.4 ab   .0 A ϰ 1.2 A ^ 
7.5 CSS .43 a  0.31 cB .7 a  ^ .2 bB ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 .35 bB 0.64 aA ^ .4 B  .  aA ^ 21 a ϰ^    6.7  #^ 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ______________________ __________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 bA ^ 0 28 bA  .5  .  .3   17.7bc  ^ .1  7.1  1.2 cB  .5   
7.5 CSS . bA  0.31 bA 1.4 ϰ^ .6  . A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #  
0.0  .2  b  ^ 0.41 a   .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3.44 NS .45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____  Interpretation limit 1 ______________________ __________________________ 
Low 0–0.2 0–0.2 0–4 0–1.2 0–0.5
Me ium 0.21–0.6  0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dic e sig if canc  at p ≤ 0.05, p ≤ 0.01, a  ot significant, r spec ively. Significant differenc  (p ≤ 0.05; Tukey te t) betwee  CSS rates (low rcase 
letters) or applica ion met ds (upp rca e l tt rs) r  indicat d by different lett rs after me s within th  same column. Sig ificant differe ces (p ≤ 0.05; D nnett 
st mong the treat n s are indica d y differen  symbols (ϰ, #) after the mea s wi i  th sam  colu n. Sig ificant differenc s (p ≤ 0.05; T key test) among the 
tr atmen for diff r nt experim tal seasons (I vs. II) are indicated by the p senc  of the caret symbol (^) after the means within the s me column. 1 Raij et al. [35]. 
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Tabl 3. S il micr utrie  concentrati  (mg k −3) after tw  onsecutive ex erime tal seaso s of soybe n cultivation acc rding to application method (AM: WA = 
whole are ; BR = b w e ws) and treatments (c trol, convention l fertiliz ti  (CF), and CSS i creasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR A BR WA B  WA BR WA BR 
  I experimental season ___________________________________________  
Control 0.20 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.4 bA ^ 4 bc  ϰ .6 A ^ 24 aAϰ^ 27  ϰ^ 28.6 aB #^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.  CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 B ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 9.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 b  ϰ^ .6 aA ^ 21 aAϰ^ 27 A ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA 2.6 bA 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3 27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.4  ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ___________________________________________ 
Control 0,19 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42  .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS .24 bA ϰ  0.28 bA ^ 1.5 ϰ  .6 ^ 17.3 bA ϰ#^ 7.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.3  bA 1.4 ϰ  .6 ^ 17.0 bA ϰ#  8.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS .26 bB ^ 0 4 aA #^ 1.6  .7 ^ 1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS .45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19 11 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ___________________________________________ 
Low –0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0.2 –0.6  0.3–0.8 5–1  1.3–5.0 0.6–1.2 
High >0.60 >0.8 2 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not si ifi t, r p tively. Signific t diff rences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
 o  ppli tion met ods (uppercase l t r ) are ndicat d by diff re t lett rs aft r mea s with n he sa e column. Significa t differences (p ≤ 0.05; Dunnett 
test) mo g t e r atm s are i ic te  different symbols (ϰ, #) after th  me ns within the sam  column. Significant differ nces (p ≤ 0.05; Tukey test) among the 
tre tm nts r diff r  xperimental s ason  (I vs. II) are indic ted by pres nce of the c ret symbol (^) after the means w thin the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentratio  (mg kg−3) aft r two consecutive experime tal seasons f soybe  cultivati n ccording to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional f r iliza ion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental seas n ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.  ϰ^ 
5.0 SS 0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 2.4 abA ϰ#^ 1.0 b  ϰ 1.2 aA ^ 
7.5 SS 0.43 a  ^ 0.31 cB 2.7 aA ^ 2.2  ϰ 25 a ϰ^ 21  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6  ^ 21 aAϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.  aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.1  ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.  # 15.1 #^ 1.4 #^ 
5.0 SS 0.24 bA ϰ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.   ϰ#^ 17.7bc  ϰ^ 17.1 ϰ#^ 17.  ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 SS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 b  #^ 1.  cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I erpretation limit  ________________________________________________________________________ 
Low 0–0.2  –0.2 0–4 0–1.2 0–0.5 
Medium .21–0.60 0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase lett rs) re i dicated by different letters after means withi  the ame colu n. Significant differences (p ≤ 0. 5; Du nett 
test) among the treat ents are indicated by diff rent ymbols (ϰ, #) after th  me s within the am  column. Significant iff r s (p ≤ 0.05; Tukey test) m ng t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Ta le 3. Soil micro utri  c c tratio  (mg kg−3) af r two co secutiv  experime tal seasons f s ybe  cultivation ccording to applicati  method (AM: WA = 
whole area; BR = between rows) and treatments (control, co ventional fertilization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA BR WA BR WA BR WA BR WA BR 
 ___________________________________________  I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0.28 c 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 b   .0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 a  ^ .2  ϰ 25 a  21 b  ϰ 29.1 a  ϰ#^ 29.2 cA ϰ#^ 1.3 b   0.8   
0.0  .35 bB 0.64 aA ^ .4 B ϰ^ 2.6 A  1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________________________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28  ^ 5  1.  ^ 17.   ϰ#^ 17.7bc ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0. 7bA  0 31 b  1.4 ϰ^ 1.6 ^ .    18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.  c  #^ 
0.0  .26 b  ^ . 1  #^  .7  17.0 bB ϰ#^ 23.0 aA ^ 16 7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________  I erpr t tion limit 1 ________________________________________________________________________ 
Low 0–0.20 –0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, an  ot sig ificant, respectively. Significant differenc s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase le ters) are indicated by different letters after eans withi  the sam  column. Sig ificant differences (p ≤ 0. 5; Dunnett 
test) among the treat ent  are indic ted by diff r nt mb ls (ϰ, #) after t  me  within the am  colu . Significa t differe ces (p ≤ 0.05; T key test) am ng t e 
tr atments for different experimental seasons (I vs. II) are indica ed by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mi ro utrie t c c tr tio  ( g kg−3) after two secu iv  exper me tal se so s f soybe  cultiva ion accordi g to application metho  (AM: WA = 
whole a ea; BR = betwe n rows) and treatments (control, co v ional fertilization (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________________________  
Control . 0 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5.0 CSS 0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 ab  #^ 1.0 b  ϰ 1.2  ^ 
7.5 CS  0.43 a  ^ 0.31 cB 2.7 aA ^ .  B ϰ 25 a ϰ^ 1 b   29.  a  ϰ#^ 29.2 bcA #^ 1.3 bA ^ 0.8 a  ϰ^ 
10.0 SS .35 bB ^ 0.6  ^ .4 abB ϰ^ .6 A 21 aAϰ^ 27  ϰ^ 6.7 B ϰ#^ 35.9 a  ϰ#^ 2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.7  ** 11.62  
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________ 
Control ,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #  1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28  ^ .5 ϰ^ 1.6 17.3 ϰ#^ 7.7bc  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 CS  . 7bA ^ 0.31 bA 1.4 ϰ^ 1.6 7.0 bA #^ 18.7 b  ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 b  #^ 1.7 cA #^ 
10.0 SS .26 b  ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ 15.6 #^ 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * .55 * 13.15 ** 3 .42  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
  I terpretatio  l m t 1 ________________________ 
Low 0–0.20 –0.2 0 4 –1.2 0–0.5 
Medium 0.21–0.60 0.3– .8 5–  1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** and NS—indicate s g ifi nce a  p ≤ 0.05, p ≤ 0.01, a  ot significa t, r p ctively. Sig ificant iffere c s (p ≤ 0.05; Tukey test) b twee  CSS rates (lo ercase 
let ers) or applicatio  metho s (uppercase l t rs) are i dica d by di f ent l tters fter m ans withi t e same olumn. Sig ificant differences (p ≤ 0.05; Du nett 
test) mong th treatm nts are indicated by different symbols (ϰ, #) after t e m ans within the same lumn. Significant diff rences (p ≤ 0.05; Tukey test) am ng the 
treatments fo  different exp rimental seaso s (I vs. II) are indicated by the presence of the c r t sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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a l  3. Soil mi ro utri t co e tr tion ( g kg−3) fter two co secu ive experimental seas ns of s ybean cultiva ion accordi g to applicati  method (AM: WA = 
whole ar ; BR = betwe n rows) and treatme ts (c trol, co ventional fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________________________  
Control 0. 0 ϰ .1  22 ϰ^ 34.8 ϰ^ .5  
CF . 6 #^ .  ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 c  ^ 0.41 b  2.4 bc  ϰ^ 2.6 a  ^ 24 Aϰ^ 27 a  ϰ^ 28.6 a ϰ#^ 3 .4 ab   .0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 ϰ  21 b  ϰ 29.  a  ϰ#^ 29.2 bcA ϰ#^ .3 bA  0.8   
0.0  .35 bB ^ 0.6   2.4 abB ϰ 2.6 aA ^ 21 a ϰ^    6.7 B ϰ#^ 3 .9 a   2.0 aA ^ 1.1 B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF .42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ϰ^ 0.28 ^ .5  1.  ^ 17.3   7.7bc  ϰ^ 17 1 ϰ#^ 17.1  1.2 cB  .5   
7.5 CSS . 7bA ^ 0.31 b  .4 ϰ^ 1.6 ^ 17.0   18.7 b  ϰ 18 9  18.7 ϰ#^ 1.8 b  #  1.7 cA #  
0.0  .26 b  ^ 0.41 aA #^ .   .7 ^ 17.  bB ϰ#^ 3.0 aA ^ 16.7 ϰ#  .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 NS 2.45 NS 0.85 NS 20.97 *  
CSS rates  37.49 ** 4.5  * .55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Int rp tation limit 1 ________________________ 
Low 0–0.2  0–0.2 4 0 1.2 0.5
Medium 0.21–0.60 .3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—indicate sig ifica c at p ≤ 0.05, p ≤ 0.01, a  not significa t, res ectively. Sig ificant differenc s (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
l t rs) or applicatio  ethods (uppercase lett r ) are indica ed by di f ent l tter  after eans withi  the same olumn. Sig ifican differences (p ≤ 0.05; Dunnett 
test) a ong th tr at t  are indic ed by diff re t s mbols (ϰ, #) after t  mean  within th  same lumn. Sig ificant differe ces (p ≤ 0.05; T key test) among the 
treatments f r diff rent xp rim ntal seaso s (I vs. II) ar  i dica ed by the presence of the c re  symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil micronu rie t c ncentr ti  ( g kg−3) after two c s cu iv  experime t l seasons of s ybean cultivation ac ordi g to application met od (AM: WA = 
wh le area; BR = between ws) nd treatments (c trol, conventio al fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 __________________  I experimental season _________________________________________________  
Control . 0 ϰ 2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #  0.6 ϰ^ 
5.0 CS 0 8 c  0. 1 bA ^ .4 bcB 2.6 aA 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 3 .4 a  ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CS 0.43 a  ^ .31 cB 2.7 a  ^ 2.2 bB ϰ 25 a ϰ^ 21 b  ϰ 29.1 aA ϰ#  29.2 bc  ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 B ^ 0.6  a  ^ 2.4 abB .  A ^ 21 a ϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 a  ϰ#^ 2.0 aA ^ 1.  aB ϰ^ 
12.5 CSS 0.43 a   0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.7  ** 11.62 ** 
CSS rates 35.9  *  0.42 NS .27  2.63 NS 5.16 *  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ___________________  II experimental season _________________________________________________ 
Control ,19 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5 0 CS  0.24 bA ϰ^ 0 8 b  ^ 1.5 ϰ^ 1.6 ^ 7.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ .2 cB # 1.5 cA #^ 
7 5 CSS 0.27bA ^ .3  b  1 4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #  1.7 cA #^ 
10.0 CSS .2 b  ^ 0.41 a 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ 15.6 #^ 2.5 a  ^ 2.8 aA ^ 
5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 NS 2.4  NS 0.85 NS 20.97 *  
CSS rates  37.49  .5 * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________________________________ 
Low 0–0.20 –0.2 0 4 0–1.2 –0.5 
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.  0.6–1.2 
Hi h >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic e sig ifi nc at p ≤ .05, p ≤ 0.01,  not ig ific nt, r pe tively. Significant diff renc s (p ≤ 0.05; Tukey te t) between CSS rates (lowercase 
l t ) or applicatio  met od  (upp rcase lett r ) are cat d by different lett rs af r me s within th  sam  column. Significant differences (p ≤ 0.05; Dunnett 
st) mong the tr atm nts are indica d by iff rent symbols (ϰ, #) after e me s within th  s me column. Significant differenc s (p ≤ 0.05; Tukey test) among the 
treatment  for different experim n al seasons (I v . II) are indi ated by t  presenc of the caret symbol (^) after the me ns within the s m  column. 1 Raij et al. [35]. 
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Tabl  3. So l mi r utrient concentrati  (mg kg−3) aft r wo co secutiv  experime t l seasons of soybe  cultivation according to application method (AM: WA = 
whole are ; BR = b twee  rows) and reatmen s (c trol, convention l f tiliz ti (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ____________________________________________  
Control .20 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.4  bA ^ 2 4 bc  ϰ 6 A ^ 4 7 ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA 0.31 cB 2.7 aA ^ 2 B ϰ 5   b  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 .35 bB  0.64 aA ^ 4  ϰ  .6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA 2.6 abA  2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 5.9   0.42 NS 3 27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 *  6.  ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________________________________ 
Control ,19 ϰ .   17 7  9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 ϰ  0.28 bA ^ .5 .   .3  ^ 17.7bc  ^ 7.1 7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.3  bA 1.4 ϰ^ .6  7. A  8.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ .  #^ .   .7 17.0 bB ϰ# 3.0 a ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB 0.44 aA # 1.6 .6 ^ 20.5 aA ϰ 15 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 NS .45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) .81 ** 0.2  NS 19.11  2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ____________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium . 1–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 2 >5.0 >1.2 
* ** and NS—indicat significa c  at p ≤ 0.05, p ≤ 0.01, an not sig ificant, r p ctiv ly. Significa t diff rences (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
l t rs) or pplicatio et o s (upp a e l t r ) ar  ndicated by d fferen  lett rs aft r eans within he sa  column. Significant differences (p ≤ 0.05; Dunnett 
test) mong t e r atment  are i icate  differ nt ymbols (ϰ, #) fter th  ea s within the same column. Significant differences (p ≤ 0.05; T key test) among the 
trea ments or diff r t xperi ent s asons (I vs. II) are indic ted b  t  pres nce of the c r t symbol (^) fter the eans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seaso s of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasi g rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24 25.6 #^ 0.6 ϰ^ 
5.   0.28 c .41 b ^ 2.4 bc  ϰ^ a ^  ϰ^ 7 a ^ 8.6 a 32 4 ab  ϰ#^ .   ϰ 1.2 a ^
7.   .   ^ 0.31 cB 2.   ^ 2.2  ϰ ϰ^ 21 bA ϰ 1  ϰ# 9.2 bcA ϰ# .3  ^ 0.8  ϰ^ 
0.0  0.35 B .64 a  ^ 4 B ^ 2.6 a  ^ 1 ^   ϰ^ 26.7 aB 35.9 a ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 0.48 ** .30 S .7  NS 9.73 ** 11. 2 **
CSS rates 35.9  ** 0.42 NS 3.2  . 3 NS .16 **
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ .  ϰ^ 17 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.   0. 4 ϰ^ .28  ^ 5 ϰ^ .  ^ .3  ϰ#^ 7. bc ^ 7.  ϰ#^ 7. ϰ#^ 1.2 cB # .5  #^ 
7.   0.27 A ^ 0 31 bA .4 ϰ^ .  ^  ϰ#^ 18 7 b ϰ 8.9 ϰ#^ 8 7 ϰ#^ 8 b #^ 1 c #^ 
0.0 0.26 bB 1 ^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA  6.7 ϰ#^ .6 #^ 2.5 a  ^ 8 a ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.  cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 S 2.4  NS 0.8  S 20.97 **
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36. 2 *
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
______________________________________________________________ I erpretation lim t 1 ________________________________________________________________________
Low 0–0.20 – .2 –4 0–1.2 0–0.5 
Medium .21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; D nnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the aret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil icro utr e t co centratio (mg kg−3) after two c secu ive xp rime tal s so s f soybea  cultiva ion accordi g to application metho  (AM: WA = 
whole ar a; BR = between rows) and treatme ts (control, conv ional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5.0 S .28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ .6 aA ^ 4 A  2  A ϰ^ 8.6 B  32.4 ab  ϰ  .0  ϰ 1.2 A ^ 
7.5 CSS 0.43 aA  0.31 cB 2.7 aA ^ 2.2 bB ϰ 5  1  ϰ 29.1 a   29.2 bc  ϰ#^ 1.3 b   0.8 a  ϰ  
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA  1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ  
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS .27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 S 0.24  ϰ^ 0.28 bA ^ .5  .   .3  ϰ  17.7bc  ^ 7.1  7.1  1.2 cB  .5   
.5 CSS 0. 7bA  0.31 b  1.4 ϰ^ .6  .  A  18.7 b  ϰ 18.9  18.7 ϰ#^ 1.8 bA #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  7.0 bB ϰ#^ 3.0 aA ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I terpretatio  li it 1 ________________________________________________________________________ 
Low 0–0.20 – .2 0–4 0–1.2 0–0.5
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  ot sign ficant, respectively. Sig ificant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lo ercase 
letters) or application metho s (uppercase let rs) are i dica ed by diff rent letters after means within the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) a o g th treatments are indica ed by different symbols (ϰ, #) after t e mea s within the same c lumn. Sig ificant differences (p ≤ 0.05; T key test) am ng the 
treatments for different xperimental seasons (I vs. II) re indicated by the presence of the c ret symbol (^) after the means within the same col mn. 1 Raij et al. [35]. 
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Table 3. Soil i ro utri nt co e tr ti  (mg kg−3) after two co secutive experime tal seas ns f s ybea  cultivation accordi g to applicati  method (AM: WA = 
whole a ; BR = betwe n rows) and treatments (c trol, co ventional f rt lization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
W  BR WA BR WA BR WA BR WA BR 
 ________________________ I experimental season ________________________  
Control 0.20 ϰ 2.1  2 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0. 8 c   0.41 bA 2.4 bc  ϰ^ 2.6 aA ^ 4 aA ^ 7 aA ^ 28.6 a   3 .4 ab  ϰ#^ 1.0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 5  21 b  ϰ 29.  a  ϰ#^ 29.2 cA ϰ#^ .3 b  ^ 0.8 a   
0.0  .35 B .64  .4 B ϰ^ 2.6 a  ^ 1 ^    26.7 B  3 .9 a  #^ 2.0 a  ^ 1.1 B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 b  2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________ II experimental season ________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 ϰ^ 0.28 A ^ 1.5  .   .3 A ϰ#^ 7. bc  ^ 7 1 ϰ#^ 7.1  1.2 cB # .5  ^ 
7.5 CSS 0. 7 A  0.31 b  .4 ϰ^ 1.6  .0 A ϰ#^ 18.7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  0.26 bB  . 1  ^ .   .7  17.  bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____  Int r r tation limit  ________________________ 
Low 0–0.20 0–0.2 0–4 0 1.2 0 0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** n  NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and ot significant, respectively. Sig ificant differenc s (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
let ers) r applicatio  etho s (uppercase let rs) are i dicated by di f ent letters after means withi the same olumn. Sig ifican differences (p ≤ 0.05; Dunnett 
test) a ong th  tr at ts are indic ted by iffere t symbols (ϰ, #) after t e mea s within the same lumn. Significant differe ces (p ≤ 0.05; T key test) among the 
treatme ts f  different experimental seaso s (I vs. II) are indica ed by t  pres nce of the c r  symbol (^) after the eans within the same co umn. 1 Raij et al. [35]. 
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Table 3. Soil icronu rie t c ncentr ti n (mg kg−3) af er two o s cutiv  exper mental seasons of s y ean cultivation ac ording to application met od (AM: WA = 
whole area; BR = between r ws) and eatments (c trol, co ven io al fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA R WA BR WA BR WA BR 
 _____  I experimental season _________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 S 28 cB 0. 1 bA ^ 2.4 bcB .6 aA  4 A  7 aA ϰ^ 8.6 B #  32.4 abA  .0 A ϰ 1.2 A ^ 
7.5 CS  .43 a   0.31 cB 2.  a  ^ 2.2 bB ϰ 5  1 b  ϰ 9.1 A 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 B  0.64 aA ^ .4 B 2.  aA ^ 21 a ϰ^    6.7 B #^ 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS .27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
.5 CSS 0. 7bA  0.31 b  1 4 ϰ^ .   1 .  A  18.7 b  ϰ 8.9 #^ 18.7 ϰ#^ 1.8 bA #^ 1.7 c  #  
0.0 .26 b  ^ 0.41   .   .7  7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** .59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  .0 8.2 9.8 14.6 
  Interpretatio  limit 1 _________________________ 
Low –0.20 0– .2 –4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** and NS—indicate s g ificance a  p ≤ 0.05, p ≤ 0.01, d not sig ificant, resp ctively. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
l ters) or application metho s (uppercase le t r ) are i dicated by differe t lett rs fter m ns within th  sam  column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) mong the treat ents are indica d by iffere t symbols (ϰ, #) after the me s within th  sam  column. Significant differenc s (p ≤ 0.05; T key test) among the 
trea ment  fo  different experimental seaso s (I vs. I) re indicated by presenc of the car t symbol (^) af er the me ns within the s m  column 1 Raij et al. [35]. 
 
#ˆ 1.4 bA 1.3 aA
F-test
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 **
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 **
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 **
CV (%) 8.4 6.3 9.7 6.2 24.8
______________________________________________________________ II experimental season ________________________________________________________________________
Control 0.19
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri n  c nce tration (mg kg−3) af er two consecutiv  experimental seasons of s ybean cultivation according to application method (AM: WA = 
whole area; BR = betwe n rows) and treatments (control, co ventio al fertilization ( F), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#  32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB  0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a  ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________________________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0 31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1 6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16 7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 .97 ** 
CSS rat s  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant diff renc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase le ters) are indicated by different letters after means within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indic ted by different symbols (ϰ, #) after the means within the sam  column. Significant differe ces (p ≤ 0.05; Tukey test) among the 
tr a ments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentration (mg kg−3) after tw  co secutive experimen al seasons of soybean cultivation according to application method (AM: WA = 
whole rea; BR = betw en r ws) and treatments (control conve tio al fert lization ( F), nd CSS incre ing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 cB ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 a  ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0 35 bB ^ 0.64 aA ^ 2.4 abB  2.  aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 a  ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ^ 0 28 bA ^ 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA 1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-t t  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 .97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________ __________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indica e sig if cance at p ≤ 0.05, p ≤ 0.01, and not significant, r spectively. Significant diff rences (p ≤ 0.05; Tukey te t) between CSS rates (lowercase 
letters) or applica ion m thods (uppercase l tt rs) are indicated by different lett rs after mea s within th  same column. Significant differences (p ≤ 0.05; Dunnett 
test  mong the treatments are indica d by different symbols (ϰ, #) after the mea s wi hin th  same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatmen  for differ nt experimental seasons (I vs. II) are indicated by the presenc  of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri n  nce tration (mg kg−3) af er tw  co secutiv  experimen al seasons of s ybean cultivation according to application method (AM: WA = 
whole ; BR = b tw en rows) and tr atments (control, co ve tio al fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ________ __ __ __ __ ___________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#  32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB  0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a ^ 0.45 bA 2.6 ab ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ______ __ __ __ __ __ __________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0 31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1 6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16 7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- t  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 .97 ** 
CSS rat s  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _ ________  Interpretation limit 1 ___ _ ___ __ __ __ __ __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS—i dica e sig if cance at p ≤ 0.05, p ≤ 0.01, nd n t sig ificant, r spectively. Significant diff renc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or applica ion m thods (uppercase l t rs) are indicated by different lett rs after means within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
test) m ng the treatme ts are indic ted by different symbols (ϰ, #) aft r the means wi hin the sam  column. Significant differe ces (p ≤ 0.05; Tukey test) among the 
tr a men s for differ nt experimental s asons (I vs. II) are indic ted by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. il micronutri nt conce trati n (mg kg−3) aft r two nsecutive experimental se sons of soybean cul vation according to application method (AM: WA = 
hole area; BR = between rows) and tre ments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
_ ____ __ __ __ __ __ __  I experimental season __________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 __________________________ _ _ _  II experimental season ____________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ  0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB # 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-te t 
AM 48.76 ** 3.44 N  2.4  NS 0.85 NS 20.97 **
C S rate  37.49 ** 4.59 * 4. 5 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
__________________________ _ _ _ _ _  Interpretation limit 1 _____ _________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat  s gnifica ce at p ≤ 0.05, p ≤ 0.01, and not s gnificant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l ters) o  application m thods (uppercase lett s) are indicated by different l tters after eans within he same column. Significa t differences (p ≤ 0.05; Dunnett 
t t) among treatm nts are indicat d by differe t s mbols (ϰ, #) aft r the eans withi  the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
trea ments for di f ent exp r mental seas ns (I v . II) are indi t d by the presence of th  caret symbol (^) aft r the eans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentration (mg kg−3) after two co secutive experime tal seasons of soybe  cultivation according to application method (AM: WA = 
whole area; BR = between rows) and tr atments (control, conventional fertilization ( F), and C S increasing rates— g ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 ________________ _ __ _ __ __ __ __ __ __ __ __ __ __ I experimental season __ __ ___________________________________ __ __ _ __ __ __ __ __  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0  .28 c  ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4    ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43  ^ 0.31 cB 2.7 a  ^ .2 bB ϰ 5  1  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 B  0.64  ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  3 .9 a   2.0 aA ^ 1.1 aB ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  .26  ^ . 1 a  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ .7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 –1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ifi nce at p ≤ 0.05, p ≤ 0.01, an  not significant, re pectively. Significant iffere c s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercas  
letters) or applicatio  method  (uppercase lett rs) are i dicat d by different letters after mea s within t e same colu . Significant differences (p ≤ 0.05; Du nett 
test) mong the treatments are indicated by different symbols (ϰ, #) after the mea s within th  sa e colum . Sig ificant diff rences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
ˆ 4.0 # 15.1 #ˆ .4 #ˆ
.0 C S 0.24 bA
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
Table 3. Soil micronutrient concentration (mg kg−3) after t o consecutive experimental seas ns f soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conv ntional fertilization (CF), and SS increasing rates—Mg ha−1 on a we basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6  
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 N  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.  ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 N  2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
M dium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant ifferences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) amo g the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. oil icronutrient concentration (mg kg−3) after two c ecutive xperimental se sons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) a d tr atments (control, conventional fertiliz tion (CF), and CSS incr asing rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu F  Mn Z  
WA BR WA BR WA BR WA BR WA BR 
 _____________________________________________  I experimental season ______________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.  #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ^ 21 b  ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ .8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.4  #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ .5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # .6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB #^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significa ce at p ≤ 0.05 p ≤ 0.01, and not significant, sp ctively. Significant differ nc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase
letters) or pp ication methods (uppercase l tters) a e indicated by d fferent letters after means withi  the same column. Significan  differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by differe t symbols (ϰ, #) after the means w thi  the same column  Significan  differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means wi hin the same column. 1 Raij et al. [35]. 
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Table 3. Soil micro u rient c ntration (mg kg−3) fter two c n ecutive experi e t l seasons of soybe n cultivati n according to application method (AM: WA = 
wh l  ar a; BR = between rows) d t tments (control, conv n ional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatm nt  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 c  ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 2 Aϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 a  ^ 
7.5 CSS 0.43  ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 b  ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 b  ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 7 aA ϰ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43  ^ 0.45 bA 2.6 ab  ^ 2.5 abA 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS .77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _____________________________________________________ 
Control 0,  ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0 24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 6 ^ 17.3 bA ϰ#^ 1 .7b A ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.3  bA 1.4 ϰ^ 6 ^ 1 .0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2  bB  .41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0  ^ 16.7 ϰ#^ 15.6 #^ 2.5 A ^ 2.8 aA ^ 
12.  CSS 0.37 B #^ 0.44 aA # 1.6 ^ 1.6 20.  A ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-t st  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _____________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate significan e a p ≤ 0.05, p ≤ 0.01, and not sign icant, respectively. Significant differ ces (p ≤ 0.05; Tukey t st) between CSS rates (lowercase 
lett s) or app ication methods (uppercase l tt r ) ar  indicated by different l tters after means within th  same column. Sig ifica t differences (p ≤ 0.05; Dunnett 
test) among th  treatments ar  indicated by different symbols (ϰ, #) after the means with n the same column. Significant differenc s (p ≤ 0.05; Tukey test) among the 
treatments fo different experimental season  (I vs. II) are ind cated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. S il micronu rient conce trati  (mg kg−3) af er two cons cutive experimental seasons of s ybean cultivation ac ordi g to application method (AM: WA =
whole are ; BR = betw en row ) and eatments (c trol, conv ntional fertiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.4  A ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 a  ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 25 aAϰ^ 2   ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91  0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24  ϰ^ 0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27  ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8  #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6  1 7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 A ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6  1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6. 1 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Me ium 0.21–0.60 .3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in ic e significance at p ≤ 0.05, p ≤ 0.01, d not significant, r sp ively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le ters) o  pplication m t ods (uppercas le ters) re indicated by different letters after me ns within the same column. Significant differences (p ≤ 0.05; Dunnett 
t s ) a o g the treatments are indicated by differ nt symbols (ϰ, #) f r th  me ns within the same colu n. Significant differenc s (p ≤ 0.05; Tukey test) among the 
treatments for different xp rimental s so s (I vs. II) are indicated by presenc  of the car t symbol (^) fter the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. o l mi onutrient concentrati n (mg kg−3) aft r two consecutive experiment l seaso s of soybean cultivation according to application method (AM: WA = 
hole rea; BR = be ween rows) and tr a m nts (co rol, conve tional fe tilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treat ent
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 I experimental season ___________________________ ___________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.  cB ^ 0.41 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ  8.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.  bB ϰ 25 a ϰ^ 21 bA ϰ 29.1 a  29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA  2.4 abB ϰ^ 2.6 aA ^ 2 aAϰ^ 27 aA ϰ  26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ 9.8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 N  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________________ ___________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0 28 b  ^ .5 ϰ^ .6 ^ 17.3 b  ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.4  aA #^ .6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 6 7 ϰ#^ 15.6 #^ 2.5 A ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 ^ 1.3 cA # 2.2 A 
F- es  
AM 48.76 ** 3.44 N  2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ____________________________ ___________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6  .3– 8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicat  significance t p ≤ 0.05, p ≤ 0.01, and t significa t, respect vely. Significant differences (p ≤ 0.05; Tukey t st) b tween CSS r t s (lowercase 
l tters) or applica ion tho s (uppercase l tt rs) are indicated by differen letter  after eans within the same olumn. Significa t differences (p ≤ 0.05; Dunnett 
test  mong the treatmen s are indicated b  differ nt s mbols (ϰ, #) fter the eans w thin the same olumn. Significant differences (p ≤ 0.05; Tukey test) among the 
t ea ment  for di f  experim nt l seasons (I vs. II) are indicat d b  the presence of the caret symbol (^) ft r the ean  within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil micro u rient concentr tion (mg kg−3) af er two cons cutive experiment l seasons of s ybean cultivation ac ordi g to application method (AM: WA = 
h l  area; BR = b twe  row and t eatm nts (c trol, conventional fe tiliz ti (CF), a d CSS increasing rates—Mg ha−1 on a wet basis)  
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____ __ __ __ __ __ _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ .3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ .4 bcB ϰ^ 6 A ^ 24 aAϰ^ 27 ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2 B ϰ 25 aAϰ^ 21 b  ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2 4 bB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .5 ab  ^ 25 aAϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 S 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 *  6 4 12.51 ** 5.43 ** 
CV (%) 8.4 .3 9.7 6.2 24.8 
  II experimental season _____ __ __ __ __ __ _ _________________________ 
Control 0,19 ϰ .3 ϰ^ 17 7 ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ 1.6 ^ 17.3 bA ϰ ^ 7.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ 1.6 ^ 17.0 bA ϰ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10 0 CSS 0.26 bB ^ 0.4  aA #^ 1.6 ^ .7 ^ 17.0 bB ϰ# 3.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 A ^ 2.8 aA ^
12 5 CSS 0.37 B #^ 0.44 aA # 1.6 .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-tes   
AM 8.76 ** 3.44 S .45 NS .85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 S 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _ _ _____ __ __ __ __ __ _________________________ 
Low –0.20 0.  0–4 0–1.2 0–0.5 
Medium .21– .60 . 0.8 5–12 1.3– .  0.6–1.2 
High >0.60 0.8 2 >5.0 >1.2 
* ** and NS—i d te significanc  at p ≤ 0.05, p ≤ 0.01, d not signific nt, resp ctively. Significant differences (p ≤ 0.05; Tukey t st) b tween CSS rates (lowercase 
) r applica ion me ho  ( pp case le ters) are ndicat d by differen l tters after e ns within the same olumn. Significa t differences (p ≤ 0.05; Dunnett 
test) among treatment  are indicat d by diff r nt symbols (ϰ, #) fter the e ns w thin the same olumn. Significant differenc s (p ≤ 0.05; Tukey test) among the 
t atment  for differe t experiment l s aso s (I vs. II) are indicat d b presence of the car t symbol (^) fter the e ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil icronutrie t concentration (mg kg−3) after two co secutive experime tal seaso s of soybea  cultivati  according t  application method (AM: WA = 
whole area; BR = between rows) and tr atments (control, conv ntional fertiliz ion (CF), and increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu F  Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental seas n ________________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4 A  7 aA ϰ^ 8.6 B  2.4 b   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.3  cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   .  aA  1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   . 2 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) .4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental seas n ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3  14.0 # 15.1 #  1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ .1  7.1  1.2 cB  .5   
7.5 CSS . 7bA 0.31 bA 1.4 ϰ^ .6  1 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #  1.7 c  #^
0.0  .26 b  ^ . 1 a  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 2.5  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB #^ 12.1 # 15.5 #^ 1 3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  3.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after ea s within the sa e colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by differe t symbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil micr utrie t c ntratio  (mg kg−3) fter two c ecutive experime t l seasons f soybe  cultivati n according to applicati  method (AM: WA = 
whol  area; BR = between rows) a d treatment (control, conventional fertilization (CF), and CSS incre sing rates—Mg ha−1 on a wet basis)  
Treatm nt  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________  I experimental season _____________________________________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^  7 aA ϰ  .6 B  3 .4 ab   .0 A ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 9.1 A  29.2 bc  ϰ#^ .3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 Aϰ^   6.7 B  3 .9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 1 .62 * 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 2.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.  
 ______________________________  II experimental season _____________________________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ .4 #^ 
5.0  0 24  ϰ^ 0.28 bA ^ .5  .   7.3   17.7b  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA ^ 0.31 bA 1.4 ϰ .6 .  A  18.7 b  ϰ 8.9  18 7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26 b   . 1  #^ .   .7  17.  bB ϰ#^ 23.0 ^ 16.7 ϰ#^ .6  2.5 a ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 20.  A ϰ 15 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-t   
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.4  ** 4.59 * 4.55  13.15 ** 36.42  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________________________________________ Interpretation limit  _____________________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0 0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significa ce at p ≤ 0.05, p ≤ 0.01, an  not sign ica t, res ectively. i ifica t iffer ces (p ≤ 0.05; Tukey t st) betwee  CSS rates (lowercase 
lett s) or application ethods (uppercase l tt r ) ar  in icated by different l tters after means within th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) amo g th  treat e ts are indicated by different symbols (ϰ, #) after the mea s with n the same c lumn. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different experimental season  (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl 3. S il mi ronu rient concentr tion ( g kg−3) af er two consecutive experimenta  seasons of s ybean cultivation according to application method (AM: WA = 
whole area; BR = betw n rows) and e t ents (c trol, conv ntional fertiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________________________________ I experimental season _________________________  
Control 0 ϰ .1  22 ϰ^ 34.8 ϰ 5  
CF 0.26 #^ 2.3 ϰ^ 2 ϰ 25.6 #^ 0.  ϰ  
5.0 28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2.6 a  ^ 4  27 a  ϰ^ 8 6 B ϰ#^ 3 .4 ab .0  ϰ 1 2 ^ 
7.5 CSS .43 a 0.31 cB 2.7 aA ^ bB ϰ 5  1 b  29.1 aA 29.2 bc  1.3 b 0.8   
0.0  3 bB ^ 0.6  aA ^ 2.4 abB ϰ 2.6 aA ^ 21 aAϰ^    6 7 B ϰ#^ 35.9 a  2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50. 8 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________________________________ II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ 0 6 ϰ 
CF 0.42 #  .3 ϰ^ 14.0 5.1 #^ .4 #^ 
5.0 0.24  ϰ^ 0.28 bA ^ .5 .   .3  #  17.7bc  ϰ^ 7.1 #  7.1 #  1.2 cB  .5 #  
.5 CSS 7b  ^ 0.31 bA 1  ϰ  .6 17.0 bA 18.7 b  ϰ 8.9 #  18.7 ϰ  1.8 b  # 1.7 cA #
0.0 6 b ^ 0.41 aA #^  ^ .7 17.0 bB ϰ#^ 23.0 A ^ 6 ϰ .6 #  2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-test 
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CSS rates 37.49 ** 4.5  * 4.55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low 0– .  0–0.2 0 4 0–1.2 0–0.5
Medium 0.21–0.60 .3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, n not significant, r sp ctively. Significant differences (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
letters) or pplication m tho s (uppercase le ters) are in icated by different letters after means within the sam  olumn. Significant differences (p ≤ 0.05; Dunnett 
t st) a ong the treatm nts are indicated by ifferent symbols (ϰ, #) fter th  me ns within the same colu n. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments fo  different xp rimental seaso s (I vs. II) are indicated by presenc of the car t symbol (^) fter the me ns within the sam  co umn 1 Raij et al. [35]. 
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Table 3. oil mic onutrie t concentratio  (mg kg−3) after wo c ecutive experime t l seaso s f soybea  ultivation according to applicati  method (AM: WA = 
hole rea; BR = between rows) and treatm nts (control, conve tional fe tilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _______________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3  2  ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .  cB ^ 0.41 bA ^ .4 bcB ϰ^ .6 aA ^ 4 A  7 a  ϰ  8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 9.1   9.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    26.7 B  35.9 aA  2.0 aA ^ 1.1 aB ϰ^ 
12.5 C S 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ .4 bA 1.3 aA 
F-test  
AM 50.48  .30 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** .44 ** 12.5  ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   1 .7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ 1.6 .    .  b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 .26 b ^ .  a  #^ .  .7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ 0 44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-tes   
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 0.21–0.60 .3– 8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat significance t p ≤ 0.05, p ≤ 0.01, an ot significa t, respectively. Sig ificant differences (p ≤ 0.05; Tukey t st) b twee  CSS r t s (lowercase 
letters) or applica io  tho s (uppercase l tters) are i dicated by differen  letter after ea  within the same olumn. Significa t differences (p ≤ 0.05; Dunnett 
est  mo g the treat e s are indicated b  differ nt symbols (ϰ, #) fter the ea  w thin the same lu n. Significant differences (p ≤ 0.05; T key est) among the 
t eatment  for differe t experim nt l seasons (I vs. II) are indicat d b  the presence of the caret symbol (^) ft r the ean  within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil micr u rient concentr ti n (mg kg−3) af er two co s cutive experime tal seasons f s ybea  cultivation ac ording to application method (AM: WA = 
h le area; BR = b tween rows) and eatm nts (c trol, conventional fe tiliz ti (CF), a d CSS increasing rates—Mg ha−1 on a wet basis)  
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3  24  25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ .4 bcB ϰ^ 6 A ^ 4 7 a ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
.5 C S .43 aA  .31 cB 2.7 aA  B ϰ 5 1 b  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ 4 B ϰ^ .6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .5 ab  ^ 25 aAϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 S 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 *  6 4 12.51 ** 5.43 ** 
CV (%) 8.4 .3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control ,19 ϰ .   17 7 ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0  .24 ϰ^ 0.28 bA ^ .5 .   .3   7.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  .31 bA 1.4 ϰ .6  .  A 18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0 0  .26 b  ^ .   #^ . .7  17.0 bB ϰ# 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 .6 ^ 20.5 aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.  #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 S .45 NS .85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 S 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit  _________________________ 
Low 0–0.2  0.  0 4 –1.2 0–0.5
Medium 0.21– .60 0. 0.8 5–1  1.3–5.  0.6–1.2 
High >0.60 0.8 2 >5.0 >1.2 
* ** and NS—i d te significa ce at p ≤ 0.05, p ≤ 0.01, n not signific nt, resp ctively. Sig ifica t differences (p ≤ 0.05; Tukey t st) betwee  CSS rates (lowercase 
) or applica ion metho  (upp case le ters) are ndicat d by different l tters after e ns w thin the sa e olumn. Significa t differences (p ≤ 0.05; Dunnett 
test) among treat ents are indicated by iff rent symbols (ϰ, #) ft r the e s w thin he same olumn. Significant differenc s (p ≤ 0.05; T key test) among the 
t atment  for different experimental s aso s (I vs. II) are indi t d by presence of th car t symbol (^) fter the e ns within the s m  column 1 Raij et al. [35]. 
 
#ˆ 1. bA #ˆ 1 c #ˆ
10.0 CSS 0.26 bB ˆ 0.41 aA #ˆ 1. ˆ 1. ˆ 7. bB
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
T bl  3. Soil micronutrie t co centratio  ( g kg−3) aft r two co secutive experime tal season  f soybean cultivation ccordi g to applicati  method (AM: WA = 
whole area; BR = between rows) and treatment  (cont ol, co ventional fertilization (CF), and CSS incre sing rates—Mg ha−1 on a wet basis). 
Treatment  
B u Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 25.6 #^ 0.  ϰ^ 
5.0  0.28 cB ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 7 a  ϰ^ 2 .6 a  ϰ#^ 32.4 ab   1.0  ϰ 1.2 a  ^ 
7.5 CS  0. 3 a  ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 25 a  1 b  ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ .3 b   0.8   
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ  2.6 aA ^ 21 aAϰ^    6.7 B ϰ#^ 35.  a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 * 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5 ^ 1.  ^ 17.3  ϰ#^ 17.7bc  ϰ^ 17.1 ϰ#^ 7.1  1.2 B  .5 A  
7.5 CSS 0. 7bA ^ 0.31 b  1.4 ϰ  1.6 ^ 17.0 A  18.7 b  ϰ 8.9  18 7 ϰ#^ 1.8 b   1.7 cA #  
0.0  .26 b  ^ 0.41 a  #^ .  .7 ^ 17.0 bB ϰ#^ 23.0 a  ^ 16.7 ϰ#  .6  2.5 a ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I terpretation lim t 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 4 0–1.2 0 0.5 
Medium 0.21–0.60 0.3– .8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significan e at p ≤ 0.05, p ≤ 0.01, a d not significa t, res ectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application ethods (uppercase letters) are indicated by different letters after means within the same column. Significant differ nces (p ≤ 0. 5; Dunn tt 
test) among the tr t ts are in icated by diff rent ymbols (ϰ, #) after the me ns within the same c lumn. Significant differ nces (p ≤ 0.05; T key te t) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
#ˆ 23 0 a ˆ 16.
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Table 3. Soil micronutrie t concentrati  (mg kg−3) after two c secutive experime tal seaso s f soybea  cultivation according to applicati  method (AM: WA = 
hole area; BR = b tween rows) and treatm nts (control, conventional fe tilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B u Fe Mn Zn 
W  BR W BR WA BR W  BR WA BR 
 _ ______________________________________ __ __  I experimental season ______ _____________________________________________  
Control . 0 ϰ .  ϰ^ ϰ^ 34.8 ϰ  .5  
CF 0. 6 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0.28 c  ^ 0.41 b  ^ 2.4 bc ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a ϰ#^ 32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21 b  ϰ 9 1 a  ϰ#^ 9.2 c  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.  aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-t st  
AM 50.48 ** .30  3.77 NS 19.73 ** 1 .62 ** 
CSS rates 35.9   . 2 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.5  ** 5.43 ** 
V (%) .4 6.3 9.7 6.2 24.8 
 _ _______________________________  II experimental season ____ _____________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  .  ^ 17.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0. 7bA 0.31 bA 1.4 ϰ^ 1.6 ^ .  A  18.7 b  ϰ 18.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^
0.0 .26 ^ .  #^ .  .7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6 2.5 ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _ ____________________________  Interp etation limit 1 _ _ _____________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significa t, resp ctively. Sig ific nt differences (p ≤ 0.05; Tuk y t st) betwee  CSS rates (lowercase 
letters) or applica ion etho s (uppercase letter ) are i dicated by different letters after ea s w thin the same olumn. Significa t differences (p ≤ 0.05; Dunnett 
test) amo g the treat e ts re indicated by different symbols (ϰ, #) ft r the ea s w thin he same lumn. Significant differences (p ≤ 0.05; T key test) among the 
t eatment  for different experimental seasons (I vs. II) are indi ted by the presence of th  caret symbol (^) ft r the eans within the same column. 1 Raij et al. [35]. 
 
#ˆ 5.6 #ˆ 2. aA ˆ 2.8 aA ˆ
12.5 CSS 0.37 aB #ˆ 0.44 aA # 1.6 ˆ 1. ˆ 2 .5 a
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Table 3. Soil micronutrient concentration (mg kg−3) aft  two c ecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
______________________________________________________________ I experiment l season ________________________________________________________________________ 
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
F 0.26 #^ 2.3 ϰ^ 24 ϰ 25. #^ 0.6 ϰ^ 
5.   0.28 cB ^ 4 b  ^ bcB ϰ^ 2 6 a ^ 24 ϰ^ 27  ϰ^ 28.6 aB ϰ#^ 2.4 bA ϰ#^ 1.0 b  ϰ 1.2 a  ^ 
7.  0.43 aA ^ 0.31 cB 2.7 a  ^ 2.2 B ϰ 2  a ϰ^ 2  b ϰ 29.1 A ϰ#^ 9.2 cA ϰ#^ .3  ^ 0.8 B ϰ^ 
10.0 C S . 5 bB ^ 0.64 a  ^ 2.4 abB ϰ^ 2.6 a  ^ 21 aAϰ^ 27 aA ϰ^ 26 7 aB ϰ#^ 35.9 aA ϰ#^ .0 a  ^ B ϰ^ 
12.5 SS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
A  0.48 ** 0.30 NS 3 77 NS 19.73 ** 1 .6  ** 
SS rat s 35.91 * 0.42 NS 3.27 * .63 NS 5.16 * 
(AM) × (CSS) 59 71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
F 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.  S . 4 A ϰ^ .28 A ^ 1.5 ϰ^ 1.6 ^ 7.3 b  ϰ#^ 17.7 cA ϰ^ 17.1 ϰ#^ 1 .1 ϰ#^ 1.2 cB # 1.  c  #^ 
7.  0.27bA ^ 0 31 bA .4 ϰ^ .6 ^ 17. ϰ#^ 8.7 bA ϰ 8.9 ϰ#^ 8.7 ϰ#^ .8 b #^ 1.7  #^
10.0 C S 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 B #^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 A ^ 2.8 a ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 4 .76 * 3.44 NS 2.45 NS 0.8  NS 20.97 ** 
SS rates 37.49 ** 4.59 * 4.55 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.  ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0 2 0–4 0 1 2 0 0 5
Medium .21– .6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different ex eri ental se sons (I vs. II) are ndicated by the presence of the aret symbol (^) after the eans within the same column. 1 Raij et al. [35]. 
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Ta le 3. Soil micro utrient co ce tration ( g kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between ows) and treat s (control, conv n al fertilization ( F), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR W BR 
 ______________________ I experiment l season ______________________ 
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ  0.5 ϰ 
CF 0. 6 #^ .3 ϰ  2  ϰ 2 .6 #^ 6 ϰ^ 
.0 CSS 0.28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 b  ϰ 1.2 aA ^ 
7.5 CSS 0 43 a  ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ^ 21 bA ϰ 9.1 aA ϰ#^ 29.2 bc  ϰ#^ 1. bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35. aA ϰ#^ 2.0 aA ^ 1.  aB ϰ^ 
12.5 CSS .43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 30 NS 3.77 NS 19.73 ** 1 62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(A ) × (C S) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________ II experimental season ______________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#  17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
.5 CSS 0.27bA ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.  bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 B ^ 0.41 A #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 1 .7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 B ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________ I terpretatio  limit  ______________________ 
Low 0–0.20 –0.2 0–4 0–1.2 –0.5 
Medium .21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not ignificant, respectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after eans it i  t e sa e col . Significant differences (p ≤ 0.05; Dunnett 
t st) mong the treatments are indicated by different s mbols (ϰ, #) after t e means within the same column. Significant differences (p ≤ 0.05; Tukey t st) among the 
treatm s for diff rent experimental seasons (I vs. II) re indicat d by the presence of the care  symbol (^) after the me ns within the same col mn. 1 Raij et al. [35]. 
 
ˆ 2 ˆ 5 #ˆ .3 cA # 2.2 bA
F-test
AM 48.76 ** 3 44 NS 45 NS 0.85 NS 0.97 **
CSS rates 37.49 ** 4 59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 **
CV (%) 9.0 8.0 8.2 9. 14.6
______________________________________________________________ Interpretation limit 1 ________________________________________________________________________
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2
High >0.60 >0.8 >12 >5.0 >1.2
*, ** and NS—indicate significance at p ≤ 0. 5, p ≤ . 1, and not signifi ant, respectively. Significant differen es (p ≤ 0.05; Tukey test) between CSS rates (lowercase letters) or application
methods (upp rc se letter ) are indicate by differ nt l tte s a ter me ns with n the same column. Sig ific t ffer ces (p ≤ 0.05; Dunnett est) mon e treatme ts are indic ted by
d ffer t symb ls (
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to applica i n method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasin  rates—Mg ha−1 o   wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I xperimental ason ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 A ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .3  NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 A #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
, # after the m an within th sa column. Si nificant diff renc s (p ≤ 0. ; Tukey t) mo g th tre tments f r differ nt xp rimental seaso (I vs. II) are indi a d
by the presence of the caret symbol (ˆ) fter the me s wi hin th same column. 1 Raij l. [35].
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Table 4. Equation, with relative R2 coefficient, best describing B, Cu, Fe, Mn, and Zn (mg kg−1)
behavior as a function of micronutrient concentration in the soil after two years of soybean cultivation
vs. CSS application rates.
Nutrient Equation (WA) R2 Equation (BR) R2
_________________________________________ I experimental season ___________________________________________
B ŷ = 0.249 + 0.014x 0.41 ** ŷ = 0.32 NS
Cu ŷ = 2.5 NS ŷ = 2.5 NS
Fe ŷ = 25 NS ŷ = 23 NS
Mn ŷ = 29 NS ŷ = 22.4 NS
Zn ŷ = −1.507 + 0.659x − 0.034x2 0.68 ** ŷ = 21.855 + 2.703x + 0.023x2 0.79 *
__________________________________________ II experimental season ___________________________________________
B ŷ = 0.155 + 0.015x 0.70 ** ŷ = 0.156 + 0.023x 0.95 **
Cu ŷ = 1.335 + 0.026x 0.57 * ŷ = 1.442 + 0.023x 0.86 *
Fe ŷ = 14.325 + 0.420x 0.54 ** ŷ = −3.265 + 5.705x − 0.330x2 0.61 **
Mn ŷ = 4.524 + 3.180x − 0.256x2 0.99 ** ŷ = 16.7 NS
Zn ŷ = −3.670 + 1.323x − 0.074x2 0.80 ** ŷ = −0.688 + 0.565x − 0.026x2 0.56 *
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. WA = whole area;
BR = between rows.
Comparing experimental seasons, we observed that all investigated micronutrient concentrations
in soil, with the exception of Zn, showed a significant time-dependent decrease.
Comparing the observed (bio)available concentrations (diethylenetriaminepentaacetic
acid—DTPA extraction method) with the interpretation limits (Table 3) proposed by Raij et al. [35]
for these micronutrients in agricultural soils, we noted that for both experimental seasons: (i) B
concentrations were low (0.20 mg kg−1) in the control but increased to 0.21–0.60 mg kg−1 in other
treatments; (ii) Cu, Fe, and Mn concentrations were relatively high in the control (2.1 mg kg−1) and
remained so in all the other treatments (>0.8 mg kg−1); (iii) Zn increased from a low value in the
control (0.5 mg kg−1) to medium (0.6–1.2 mg kg−1) and high (>1.2 mg kg−1) with increasing CSS rates,
particularly for the WA application method. The most important variation was Zn, which was present
at a high concentration in CSS (Table 2). Backes et al. [41] found that increasing CSS rates from 0 to
48 Mg ha−1 on a Rhodic Hapludox, as was investigated in this study, but cultivated with zoysia grass
(Zoysia japonica Steud.), resulted in an increase in (bio)available Zn concentrations in soil. Similarly,
other studies have shown that application of CSS with similar features as in our study led to increases
in (bio)available Cu, Fe, Mn, and Zn concentrations in soil [18,42].
From an environmental management perspective, previously reported results suggest that:
(i) application of CSS in soybean cultivation can be successfully conducted, increasing (bio)available
concentrations for several micronutrients, following both WA (both first experimental seasons) and
BR (second experimental season only) methods; (ii) micronutrient time-dependent behavior was
quite different for concentrations of B, Cu, Fe, Mn (decreasing trend), and Zn (increasing trend); and,
consequently, (iii) application of CSS following the WA method is preferable. Additionally, operating
costs following the WA method should decrease as well.
3.2. Plants
3.2.1. Leaf Micronutrient Concentrations
There were relatively few interactions between method and rate of CSS application on leaf
micronutrient concentrations after one experimental season of soybean cultivation. During the second
experimental season, such interactions slightly increased (Table 5). When the BR method was used,
increasing rates of CSS resulted in a negative quadratic adjustment for Mn during both experimental
seasons. Similar results were observed for Zn, but with the WA application method only (Table 6).
The WA method also promoted a linear increase and a quadratic adjustment in Fe content during first
and second experimental season, respectively, in soybean leaves with increasing CSS rates. A linear
increase, during the second experimental season, in leaf B concentration was observed by applying the
BR method.
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Table 5. Leaf micronutrient concentrations (mg kg−1) after two consecutive experimental seasons of soybean cultivation crop according to application method (AM:
WA = whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment
B Cu Fe Mn Zn
WA BR WA BR WA BR WA BR WA BR
______________________________________________________________________ I experimental season ________________________________________________________________________________
Control 49
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive exper mental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________  I experimental season __________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
F 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________  II experimental season __________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0 41 aA #^ 1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or application methods (uppercas  lett rs) are indicated by d fferent letters after mea s within th  same column. Significant differences (p ≤ 0.05; Dunnett 
test) mong the treatments are indicated by different symbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different exper mental seasons (I vs. II) are indicated by the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micro u rient concentra on (mg kg−3) after tw  consecutive experi ental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = bet een ro s) and treatments (control, convent onal fertiliz ion (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
BR WA BR WA BR WA BR WA BR 
 I experimental season ___________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 CSS 0 28 cB ^ 0.41 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB .7 aA ^ 2.2 bB ϰ 5 aAϰ^ 21 bA ϰ 29.1 A ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ .4 bB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.4 b  .6 abA ^ .5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 *  8. 1 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _ _ _  II experimental season ___________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA #^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ .31 bA .4 ϰ^ 1.6 ^ 17.0 bA #^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.4  aA #^ 1 6 ^ 1.7 ^ 17.0 bB ϰ 23.0 aA ^ 16.7 ϰ# 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2.5 CSS 0.37 aB #^ .44 aA # .6 ^ 6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 *  4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___________________________________________________ Interpretation limit 1 ___________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat  significance at p ≤ 0.05, ≤ 0.01, and ot signif cant, respectively. Signifi nt differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) o  application methods (uppercas  letters) are i dicated by differ nt letters after mea s within the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) among the t a me ts are indicated by d fferent symbols (ϰ, #) after the means within the sam  column. Significan  differences (p ≤ 0.05; Tukey test) among the 
treatm nts for different xpe imental seasons (I vs. II) r  indicated y the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient c centration (mg kg−3) after two consecutiv  experi ntal seasons of soybean cultivation according to application method (AM: WA = 
wh le ar a; BR = between r ws) and r tments (control, conventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
 BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 c ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ# 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ# 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 b  ^ 0.64 aA ^ 2.4 abB 2.  aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43  0.45 b  2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ 0.28 bA ^ 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 b 0.31 bA 1 4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2 bB ^ 0.41 aA  1.6 ^ 1 7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________________ Interpretation limit 1 _________________________________________________ 
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate sig fican e at p ≤ 0.05, p ≤ 0.01, and not sig ificant, r spectively. Significant diff rences (p ≤ 0.05; Tukey te t) between CSS rates (lowercase 
letters) or applicati n ethods (uppercase l tt r ) are indicated by different lett rs after means wi hin th  sam  column. Significant differences (p ≤ 0.05; Dunnett 
test) mong th  treatments are indica d by differ nt symbols (ϰ, #) after the mea s within th  sam  column. Significant differences (p ≤ 0.05; Tukey test) among the 
r a ment  for different exper men al seasons (I vs. II) are indicated by the presenc of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rient c centration (mg kg−3) after two consecutive exper mental seasons of soybean cultivation according to application method (AM: WA = 
wh le ar a; BR = between rows) and tments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season __________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 c ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43  ^ 0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 b ^ 0.64 aA ^ 2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________________________________________ 
Control 0,  ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 b ^ 0.3  bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2 bB ^ 0 41 aA #^ 1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.  CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __ __ _ _____ __ __ __ __ __ _ _____ __ __ __ _ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dicate significance a p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or applicati n thods (uppercas  l tt r ) are indicated by d fferent letters after mea s wi hin th  same column. Significant differences (p ≤ 0.05; Dunnett 
test) mong the tr atments ar  indicated by differ nt symbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
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Table 3. Soil micronutrie t concentration (mg kg−3) after two co secutive experim tal seas ns of soybea  cultivati  according t  application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____________________________________________________________ _ I experimental season _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ __ _ ______  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b   9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 * 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .   .  A  18.7 b  ϰ 8.9  18.7 ϰ  .8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 3.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0 1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant iffere ces (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
letters) or application methods (uppercase letters) are i dicated by different letters after means within t e same colum . Significant differences (p ≤ 0.05; Du nett 
test) among the treatments are indicated by different symbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentration (mg kg−3) aft r tw  co secutiv  exp r mental seasons of soy ea  cultiv ti  acc r i g t  applicatio  method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ __ __ __ __ __ __ __ __ _ _ _  I experimental season _ _ _____________________________ __ __ __ __ __ __  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 cB ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 4  7 a  ϰ^ 8.6   32.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS 43 aA  0.31 cB .7 a ^ .2 bB ϰ 5  1 b  ϰ 9.   9.2 bc  ϰ#^ 1.3 b   0.8   
0 0  .35 bB  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  3 .9 a   2.0 aA ^ 1.1 B ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 1 .73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________  II experimental season __________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA .5  .  .3   17.7bc  ^ .1  7.1  1.2 cB  .5   
7.5 CSS . bA  0.31 bA 1.4 ϰ^ .6 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ .  c  #^ 
0.0  .2  b  ^ 0 1  #^ .   .  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant iffere ces (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
letters) or application meth ds (uppercas  lett rs) are indicated by d ffere t letters after mea s within t  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) mong the treatments are indicated by different symbols (ϰ, #) after the mea s withi  the same colu n. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different exper mental seasons (I vs. II) are indicated by the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t c centration (mg kg−3) after two co secutive experi tal seasons of s y ea  cultivation according to application method (AM: WA = 
wh le ar a; BR = between rows) and r tments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
 BR WA BR WA BR WA BR WA BR 
 _ _  I experimental season _ _ __ __ __ __ __ __ __ __ _ __ _ __ __ __ __ _____________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  . c ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 A  0.31 cB 2.   ^ .2 bB ϰ 5  1 b   9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35   0.64 aA ^ .4 B  2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43  ^ 0.45 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . b 0.3  bA 1.4 ϰ^ .   .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  . b  ^ . 1   .   7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA  1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.4  ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate sig fica e at p ≤ 0.05, p ≤ 0.01, an  not significant, r spectively. Significant iffere ces (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or applicati n ethods (uppercase l tter ) are i icated by differe t letters after mea s wi hin t e same colum . Sig ificant differences (p ≤ 0.05; Du nett 
test) among th  treat ents are indicated by differ t symbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; T key test) among the 
r atments for different exper men al seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrie t concentration (m  kg−3) after two co secutive exper mental seasons of soy ea  cultivation according to application method (AM: WA = 
whole area; BR = between rows) and re tments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 __ __ __ __ __ __ __ _ _ _ _  I experimental season __________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . c ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 4  7 a  ϰ^ 8.6   32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS 43 A  0.31 cB .7 a ^ .2 bB ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0 0  .35 b  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________  II experimental season __________________________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ 0.28 bA .5  .  .3   17.7bc  ^ .1  7.1  1.2 cB  .5   
7.5 CSS . b  0.31 bA 1.4 ϰ^ .6 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  . b   0 1  #^ .   .7 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an NS—i dicate sig ifica ce at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
letters) or applicati n eth ds (uppercas  l tt r ) are in icated by d ffere t letters after means within th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) mong the tr at ents are indicated by differ t symbols (ϰ, #) after the mea s withi  the same colu n. Significant differences (p ≤ 0.05; T key test) among the 
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Table 3. Soil micronutrient concentration (mg kg−3) after two c nsecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and tr a ments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.  #^ .6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.4  #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 8.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) bet een CSS rates (l wercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same colum . Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by differe t symbols (ϰ, #) after the means withi  the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rient concentr tion (mg kg−3) af er two cons cutive experime tal seasons of s ybea  cultivation ac rdi g to application method (AM: WA = 
whole area; BR = b tween rows) and eatments (c trol, conventional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 a  #^ 1.  b  ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#  29.2 bc  ϰ#^ 1.  bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9  ϰ#  .0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 *  11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3  14.0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA  16.7 ϰ#^ 1 .6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 a  ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.8  NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 *  36.42 *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, d not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le ters) or application methods (uppercase le ters) are i icate   iffere t letters after me ns wit in the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by differe t symbols (ϰ, #) after the me ns within the same column. Sig ificant differe c s (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil mi ronutrie t c nce tr tio  (mg kg−3) after two consecu iv  experimental seasons of s ybean cultiva io  acc rdi g to application method (AM: WA = 
whole area; BR = betwe n r ws) and tr atme ts (control, conventio al fer ilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____  I experimental season ________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 cB ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 24 aAϰ^ 27 a ϰ^ 28.6 aB ϰ# 2.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 25 a ϰ^ 21  ϰ 29.1 a  ϰ# 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB 2.  aA ^ 21 aA ^ 27 a  ^ 26.7 aB ϰ# 5.9 aA ϰ#^ 2.0 aA ^ .1 aB ϰ^ 
12.5 CSS 0.43 a 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 S 9.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental season ________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 A ϰ#^ 7.7bcA ϰ^ 7.1 ϰ  17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1 4 ϰ  1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 c  #^ 
10.0 CSS 0.26 bB ^ 0.41 aA  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________ Interpretation limit 1 ________________________ 
Low 0–0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0.21–0.6  0.3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Sig ificant diff rences (p ≤ 0.05; Tukey te t) b tween CSS rates (lowercase 
let ers) or application methods (uppercase let rs) are indicated by di f ent lett rs after mea s within th  sa  olum . Sig ificant differences (p ≤ 0.05; Dunnett 
test) ong th  treatm nts are indica d by different symbols (ϰ, #) after the ea s within th  sam  olumn. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
trea ment  fo  different experimental seaso s (I vs. II) are indicated by t e presenc of the c r t symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micron trient concentra ion (mg kg−3) after two cons cutiv  exper mental seasons of s ybean cultivation ac rding to application method (AM: WA = 
whole area; BR = b tween row ) a d treatments (co t ol, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season __________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 ab  ϰ#^ 1.   ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bc  ϰ#^ 1.  b   0.8 aB ϰ^ 
10 0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 bB ϰ^ .6 aA ^ 2  aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 A ϰ#  2.0 a  ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.  ϰ#  1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ .  cA #^ 
10.0 CSS 0. 6 bB ^ 0 4  aA #  1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.  aA ^ 16.7 ϰ#^ 1 .6 #  2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.4  ** 4.59 * 4.55 * 13.15 ** 36.42 *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________ Interpretation limit  __________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i d c e significance at p ≤ 0.05, p ≤ 0.01, and ot significant, respectively. Sig ificant differenc s (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or application m thods (upp rcas  l tt rs) are indicat d by d fferent letters after m s wit in th  same c lumn. Significant differences (p ≤ 0.05; Dunnett 
st) mong the tre tments are indicated y differe  sy bols (ϰ, #) after t e a s it i  t e sa e c l . Sig ificant differences (p ≤ 0.05; Tukey test) a ong the 
tr atments for different expe mental seasons (I vs. II) are indica ed by the p se ce of the caret symbol (^) after the me ns within the s me column. 1 Raij et al. [35]. 
 
ˆ 113
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
Table 3. S il micro tri nt concentra ion (mg kg−3) after two co s cutiv  experi ental se sons of s ybean cultiva i n ac ording to application method (A : WA = 
whole rea; BR = betw en row ) and tr a men s (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
BR WA BR WA BR WA BR WA BR 
 I experimental season __________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2  ^ 24 aAϰ^ 27 aA ϰ  28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7 5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 B  25 aAϰ^ 2 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ .4 abB ϰ^ 2 6  ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 5 aAϰ 27 aA ϰ^ 29 8 ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 *  8. 1 ** .44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _ _ _  II experimental season __________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1 6 ^ 1 .3 bA ϰ#^ 7. bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0 27bA ^ 0.31 bA .4 ϰ^ 1 6 ^ 17.0 bA ϰ#^ 18.7  ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0 26 bB ^ 0.4  aA #^ 1 6 ^ 1  7.0 bB ϰ#^ 23.0 a  ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2.5 CSS 0.37 aB #^ 0.44 aA # .6 ^ 1 6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 *  4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________ Interpretation limit 1 __________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6 0.3–0.8 –12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an NS—i dic significance at p ≤ 0.05, p ≤ 0.01, and ot significant, r pectively. Sig ifi n  iffer c s (p ≤ 0.05; Tukey test) bet een CSS rates (l wercase 
lette s) o  application methods (upp rcas  letters) re i dic t d by differ nt letters after m ns withi  t e same column. Sig ificant differences (p ≤ 0.05; Dunnett 
est) a o g the tre tments ar  i dica ed y d ffer n  sy bol  (ϰ, #) after the eans wi hin th  sam column. Si nificant differences (p ≤ 0.05; Tukey test) among the 
tr tments for different expe im ntal seasons (I vs. II) r  indicated by the p sence of the caret symbol (^) after the means within the s me column. 1 Raij et al. [35]. 
 
ˆ 128 b
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.co /journal/agronomy 
Table 3. S il m cr utri t conce tr ion (mg kg−3) fter two cons cutiv  experimenta seaso s of s ybean cultiva ion ac ording to application method (AM: WA = 
whole area; BR = be w en row ) a d tr me s (c trol, conv ntional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
A BR WA B  WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season __________________________  
Control 0.20  2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB  0.41 b  ^ .4 bcB ϰ^ 2 a  ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 a A ϰ#^ 1.0 b  ϰ 1.2 a  ^ 
7 5 CSS 0.4  a  ^ 0.31 B 2.7 aA ^ 2 2 b   25 aAϰ^ 2  bA ϰ 29.  aA ϰ#^ 29.2 bc  ϰ#^ 1.3 b  ^ 0.8 aB  
10.0 CSS 0.3 bB 0.64 a  ^ .4 abB ϰ^ 2.6 A ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB #^ 35.9 a  ϰ#^ 2.0  ^ 1.1 B ^ 
1 .5 CSS 0.43 aA 0.45 bA 2.6 abA ^ 2.5 ab  ^ 5 aAϰ 27 aA ϰ^ 29 8 ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35 91 * 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 *  6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________ _______________________________________ II experimental season __________________________ 
Control 0, 9  1.3 ϰ^ 17.7 ϰ^ 9.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.2  bA ^ .5 ϰ^ 1 6 ^ 17.3 bA #^ 17.7bcA ϰ^ 17.1 ϰ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 CSS 0 27bA ^ 0.31 bA .4 ϰ^ 1 6 ^ 17. bA #^ 18.7  ϰ 18.9 ϰ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.4  aA #^ 1.6 ^ 1 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # .6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48 76 ** 3.44 NS 2.45 NS 0.8  NS 20.97 ** 
CSS rates 37.49 ** 4.59 * 4.55 * 3. 5  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __________________________ 
Low 0–0.2 0–0.2 –4 0 .2 0–0.5 
Me ium 0.21–0.60 .3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.6 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dic e significance at p ≤ 0.05, p ≤ 0. 1, and not significant, r pectively. Sig ifi n  differ nc s (p ≤ 0.05; Tukey test) between CS  rates (lowercase 
l tters) or pplicat on m thods (upp rcas  letters) are dic t d by different l tt rs after me  within the sa  column. Sig ificant differences (p ≤ 0.05; D nnett 
st) among the tr atme ts are indi ate  y differen symbol  (ϰ, #) fter th me ns withi  the sam column. Significant differenc s (p ≤ 0.05; Tukey test) am ng the 
re tments for diff ren  xperim ntal sea ons (I vs. II) r indicat d by th p senc of th  c ret symbol (^) fter the means within the s me column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t conce tr io (mg kg−3) aft r tw  cons cutiv  experi e ta  seas s of s ybea  cultiva ion ac ording to application method (A : WA = 
who  area; BR = betwee  r w ) and tre me s (c trol, c v ntion l fertilization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA  BR WA BR WA BR WA BR 
  I experimental season ____________________ __________________________  
Control 0 20 ϰ 2 1 ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2 3 2  ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ .4 bcB ^ 2.  A ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS .43 aA ^ 0.31 cB 2 7 a  ^ 2 2 bB ϰ 5 aAϰ^ 2  bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0 64 aA ^ .4 abB ϰ^ 2.6 A ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 a ^ 2.5 abA ^ 5 aAϰ 27 aA ϰ^ 29 8 ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 5.91 ** 0 42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 * 8 51 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ____________________ __________________________ 
Control 0, 9 ϰ 1 3 ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.0 CSS 0 24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1 6 ^ 17.3 bA  17.7bcA ϰ^ 17.1 ϰ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0 27bA ^ 0.31 bA 1.4 ϰ^ 1 6  17.0 bA  18.7 b  ϰ 18.9 ϰ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0 26 bB ^ 0.41 aA #^ 1.6 ^ 1 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM .76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 * 4 59  4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0 29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ____________________ __________________________ 
Low 0  2 0–4 0–1.2 0–0.5 
M dium 0.21–0.6  3 0 8 5–12 1.3–5.  0.6–1.2 
High 0 60 0.8 >12 >5.0 >1.2 
*, ** and NS—i d c e significan e at p ≤ 0.05, p ≤ 0.01, and ot significant, re pectiv ly. Sig ifican  differ nc s (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
let ers) or application m thods (upp rcase letters) are ind c t by iff t letters after me  within the sa  column. Sig ificant differences (p ≤ 0.05; Dunnett 
st) amo g the trea ments are indica e  y diff ren  symb l  (ϰ, #) fter th means within the same column. Significant differe c s (p ≤ 0.05; Tukey test) a ong the 
tre tments or different x erim ntal seasons (I vs II) ar indica d by the p se c of the caret symbol (^) fter the means within the s me column. 1 Raij et al. [35]. 
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Table 3. S il micr nutrien  concentr tio  (mg kg−3) aft r tw  cons cutive experimental seas s of s ybean cultiva ion ac ordi g to application method (AM: WA = 
whol  a ea; BR = b twe  r ws) a d tre tments (c trol, convent onal fertiliz tion (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
___________________________________________________ I experimental season ___________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 3 .8 ϰ^ 0.  ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0. 1  .4 bc  ^ 2.6 ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 a ^ .31 c  2.7 a  ^ 2.2 bB ϰ 5 aAϰ^ 2  bA ϰ 29.1 a  ϰ#^ 29.  bcA ϰ#^ 1.3 b   0.8 aB ϰ^ 
10. CSS 0.35 bB ^ 0.64 aA ^ .4 abB ϰ^ 2.6 aA 21 aAϰ^ 7 aA ϰ^ 26.7 B ϰ#^ 35.9 aA ϰ#^ 2.0  ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 aA ^ 0 45 bA .6 abA ^ .5 ab  ^ 5 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19. 3 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
___________________________________________________ II experimental season ___________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ 14.0 # 15.  #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA 17.7bcA ϰ^ 17.1 ϰ  1 .1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7 5 CSS 0.27bA ^ .31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA 18.7 bA ϰ 18.9 ϰ  18.7 ϰ# .  b  #^ 1.7 cA #^ 
10. CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.  ^ 17.0 bB ϰ 23.0 aA ^ 16.7 ϰ# 15.6 #^ .5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.  NS 0.85 NS 20.97 *  
CSS rates  37.49 ** 4.59 * 4.55 * 13. 5 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 _________ __  Interpretation limit 1 ___________________________________________________ 
Low 0. 0 .2 0–4 0–1.2 0–0.  
Medium 0.21 0.60 .3 0.8 5–12 1.3–5.  0.6–1.2 
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS—i dic e sig if can e at p ≤ 0.05,  ≤ 0.01, d not signif cant, r spectively. Sig ifican differenc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le ers) or applica io th d  (u percase le t rs) are indic t d by dif er nt letters after me n withi  the sam  colu n. Sig ificant differences (p ≤ 0.05; Dunnett 
est) amo g the t e s are ndicated by diff r nt symb ls (ϰ, #) after the me n  wi hin the same column. Significant differenc s (p ≤ 0.05; Tukey test) among the 
tr atm nts fo differen  x im tal seasons (I vs. II) ar indicat d y t  pr se ce of th aret symbol (^) after the me ns within the s m  column. 1 Raij et al. [35]. 
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Table 3. oil icro u ri nt c e tr tio  (mg k −3) after two c nsecutive experiment l seas ns of s ybe n cult vati n according to application method (AM: WA = 
wh le a ; BR = betw en ows) and t ments (c ro , co ven al f rtilization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ______________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ  34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2.3 ϰ^ 24 ϰ 25.  #^ 0.6 ϰ^ 
5.0 CSS 0.28 c 0.41 b   2.4 bcB ϰ^ 2.6 aA 24 aAϰ^ 7 a ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  0.31 cB 2.7 a  ^ 2.  bB ϰ 25 a ϰ^ 21 bA ϰ 9.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 b  0.64  ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ  27 a ϰ  26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.4   ^ 0.4 b  2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ______________________ 
Control 0,  ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.4  #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 ^ 1.5 ϰ^ .6 ^ 7.3 b  ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
.5 CSS 0.27bA 0.3  b  .4 ϰ^ .6  17.0 ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2  bB  0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12. CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
____________________________________ __  Interpretation limit 1 ______________________ 
Low 0. 0 0–0.2 0–4 0–1.2 0–0.5 
Medium .21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—i icate sig ifi anc  at p ≤ 0.05, p ≤ 0.01, and not gnificant, respectively. Significant diff renc s (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
tters) o ap licati  thods (up ercas  let ers) re dicated by different letters af er mea s wi hin the same colum . Significan differences (p ≤ 0.05; Dunnett 
t t) o g th  tr atm nts a  indicated by diff re t y bols (ϰ, #) af r he m a s withi  the sam  column. Significant differe ces (p ≤ 0.05; Tukey t st) among the 
treat ts f r diff rent experimental e sons (I v . II) are indicat d by the pres nce of the caret symbol (^) after the m ans within the same column. 1 Raij et al. [35]. 
 
ˆ 55
Agronomy 2020, 10, x   9 of 20 
Agro omy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.c /journal/agronomy 
T ble 3. Soil i ronu rient c e tr tion (mg kg−3) af er tw o s cutive exper men al seas ns of soybean ultivation ac ordi g to application method (AM: WA = 
whole ; BR = b twe n rows) a d e tments (c trol, co ve ional f rtilization (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 I experimental season _____________________ _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aA ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.  bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 A ^ 0.31 cB 2.7 aA ^ 2.  bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 b  ^ 0.64  ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 A ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _______________________ _________________________ 
Control 0,19 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ 0.28  ^ 1.5 ϰ^ .6 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.  ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b ^ 0.31 .4 ϰ^ .6 7.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0. 6 bB ^ 0.4  aA #  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.4  ** 4.59 * .55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
  Interpretation limit  _________________________ _________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.2 – .60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** d NS—i dic e s g ificance a p ≤ 0.05, p ≤ 0.01, d not s gnifican , r sp tively  Sig ifican  differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l ters) or applica ion ods (uppercas l er ) re indicat d by different lett rs fter m ns within the same column. Significan  differences (p ≤ 0.05; Dunnett 
test) mo g the tr atments ar  indicated by diff r t symbols (ϰ, #) aft r e e s i i t e sa e c l . Sig ificant differenc s (p ≤ 0.05; Tukey test) among the 
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Table 3. Soil micronutrie t concentratio  (mg kg−3) after two co secutive experime tal seasons f soybea  cultivati n according t  applicati  method (AM: WA = 
whole area; BR = between rows) and tr a ments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B u Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 25.6 #  0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4    ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 * 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ .0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  17.    18.7 b  ϰ 8.9  18.7 ϰ  .8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ ^ 3.0 aA ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0 1.2 0–0.  
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
letters) or application ethods (uppercase letters) are i dicated by different letters after means within the same colu n. Significa t differences (p ≤ 0.05; Dunnett 
test) among the treat e ts are indicated by different symb ls (ϰ, #) after the mea s withi  the same c lumn. Sig ificant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rie t concentr ti  (mg kg−3) af er two co s cutive experime tal seas s f soybea  cultivation ac ording t  applicatio  method (AM: WA = 
whole area; BR = b tween rows) and eatments (c trol, conventional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 abA  .0  ϰ 1.   ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b   9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 Aϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # .1 #  1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  1.   .3   1 .7bc  ^ 17.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .   .  A  8.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20. 7 * 
CSS rates  37.49 ** 4.59 * 4.55  13. 5 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low –0.2  – .2 0–4 0–1.2 .5
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, d not significant, respectively. Significant iffere ces (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
le ters) or application metho s (uppercase le ters) are i dicated by different letters after me ns within the same column. Significant differences (p ≤ 0.05; Du ett 
test) among the treatments are indicated by ifferent symbols (ϰ, #) after the me s withi  the same column. Significant differenc s (p ≤ 0.05; T key test) am ng t e 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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able 3. Soil micronu rient conce tr ti (mg kg−3) af er tw  cons cutive exper me tal seasons f s y ea  cultivation ac or i g to applicati  method (AM: WA = 
whole area; BR = between rows) and a ments (c trol, conventional fertiliz tion (CF), a d CSS incr ng rates—Mg ha−1 on a wet basis). 
Treatment  
B u Fe Mn Z  
WA BR WA BR WA BR WA BR WA BR 
 ____  I experimental seaso  _________________________  
Control 0.20 ϰ 2.1 ϰ^ 2 ^ 34.8 ϰ  0.5 ϰ 
F 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6  
5.0 CSS 0. 8 cB ^ .4  bA ^ .4 bcB ^ .6 aA ^ 24 aAϰ^ 7 aA ^ 28.6  #^ 32.4 abA ϰ#^ 1.0 b  ϰ 1.   ^ 
7.5  0 43 aA ^ 0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.  #^ 9.2 bc  ϰ#^ 1.3 bA  0.8 aB ϰ  
10 0 CSS 0.35 bB ^ .64 a ^ 2.4 B ϰ^ .6 a   1 ^ 7 aA ϰ^ 6 7 #^ 3 .9 aA ϰ#^ 2.0 a   .1 B ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS .7  NS 19.73  11. 2 ** 
CSS rates 35.91 * 0.42 NS 3.27  .63 NS 5.16 * 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.  ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental season _________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ  0.6 ϰ 
F 0.42 #^ 1.3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0 CSS . 4 b  ϰ^ .28  1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ . bc  ϰ^ .1 ϰ#^ 17.1 #^ .2 cB # 1.5 c  #^ 
7.5  0.2 A ^ 0.31 bA .4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
10.0 CSS 0.2  bB ^ 1 a  #^ 1.6 ^ .  ^ 17.0 bB #^ 23.0 aA  6.  ϰ#^ 15.6 #^ 2.5 aA ^ .8 a   
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3.44 NS 2.4  NS 0.8  NS 20.97 * 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low 0–0.2  0 .2 0–4 0 1.2 0 0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, d not significa t, res ectively. Significant iffere ces (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
le ters) r application eth s (uppercas  le t rs) are indicated by d ffere t letters after me s within t  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) mong the treat e ts are indicated by ifferent symbols (ϰ, #) after the me s withi  the same c lu n. Significant differenc s (p ≤ 0.05; T ke  test) among t e 
treatments for different exper mental seaso s (I vs. II) are indicated by pr sence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil micron rie t concentr tion (mg kg−3) f er two co s cutive exper me tal seasons of s y ea  cultivati  ac or ing to applicati  method (AM: WA = 
whole area; BR = b tween rows) a d eatments (c t ol, conventional fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental seas  _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF .26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 cB ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 4  7 a  ϰ^ 8.6   32.4 abA  .0  ϰ 1.2  ^ 
7.5 CSS 43 aA 0.31 cB .7 a ^ .2 bB ϰ 5  1 b  ϰ 9.   29.2 bc  ϰ#^ 1.3   0.8   
0 0  .35 bB 0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  3 .9 a   2.0 a   1.1 B ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental seaso  _________________________ 
Control ,19 ϰ 1.   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF .42 #^ 1.3 ϰ^ 4.0 # 15.  #^ .4 #^ 
5.0  0.24  ϰ^ 0.28 bA .5  .  .3   17.7bc  ^ .1  7.   1.2 cB  1.5   
7.5 CSS .2 bA  0.31 bA 1.4 ϰ^ .6 .  A  18.7 b  ϰ 8.9  18.7  1.8 b  #^ 1.7 c   
0.0  .2  b  ^ 0 1  #^ .   .7 17. bB ϰ#^ 23.0 aA ^ 16.  ϰ#^ .6  2.5 a   2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 * 
CSS rates  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit  _________________________ 
Low –0.20 0– .2 0–4 0–1 2 –0.5
Medium 0.2 –0.60 .3–0.8 5–12 .3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in c te significance at p ≤ 0.05, p ≤ 0.01, n t significant, res ectively. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) or application m th ds (uppercas  l t rs) are indicated by d ffere t letters after m s within th  same column. Sig ificant differe ces (p ≤ 0.05; Dun ett 
t st) mong the tre t e ts are indicated by different sy bols (ϰ, #) after the m s withi  the sa e c lu n. Sig ificant differenc s (p ≤ 0.05; T ke  test) among the 
treatments for different expe mental seaso s (I vs. II) are indica ed by pr se ce of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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able 3. Soil micr rie t c centra i ( g kg−3) af er tw  co s cutive exper ntal seas s of s ybean cultivati  ac rdi g to application method (AM: WA = 
whole area; BR = between rows) a d treatments (c t ol, conventional fertiliz ion (CF), a d CSS incr ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
 BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________  
Control . 0 ϰ 2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ .5  
CF 0. 6 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 SS .28 c ^ 0.41 bA ^ .4 bcB ϰ^ .6 ^ 4 a ϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 A ^ 
7.5 CS 0.43  ^ 0.31 cB .7 a  ^ .2  ϰ 25 a ϰ^ 1 b   29 1  #^ 29.2 bc   1.3 b  ^ 0.8 aB ϰ^ 
10.0 SS .35 b ^ 0.6  aA ^ .4 bB ϰ^ .6  ^ 21 aAϰ^ 27 a  ϰ^ 6 7 #^ 35.9 a  ϰ#^ 2.0 aA ^ 1.  aB ϰ^ 
1 5 CSS 0.43 a  ^ 0.45 b  2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 1 .7  ** 11.62  
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8. 1 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control ,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 5.  #^ 1.4 #^ 
5.0 SS 0.24 bA ϰ  0.28 bA 1.5 ϰ^ 1.6 ^ 17.3 b   17.7bcA ϰ^ 1 .1 ϰ  17.1 ϰ#^ .2 cB # 1.5 c  #^ 
7.5 CS 0.27bA ^ .3  b  1.4 ϰ  .6 ^ 17.  b  ϰ#^ 18.7 bA ϰ 1 .9 ϰ#  18.7 ϰ 1.8 b  #  .  cA #^ 
10.0 SS .26 b  ^ 41 aA 1.6 ^ 7 ^ 17. bB ϰ  23.0 aA ^ 16.7 ϰ  15.6 ^ 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.4   4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low 0– .2  – .2 0 4 0–1.2 –0.5 
Medium 0.2 –0.6  0 3–0.8 5–  1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind e sign fica e at p ≤ 0.05, p ≤ 0.01,  t significa t, r spectively. Sig ificant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
le te s) or application etho s (uppercas  l ters) are i dicat d by d ffer nt letters after s wi hin the same column. Significant differences (p ≤ 0.05; Dunnett 
est) mong th  t t ents are indicated by ifferent sy b ls (ϰ, #) after t e m s within the sa e colu n. Si nifican differenc s (p ≤ 0.05; Tuke  test) among the 
tr atments for different expe mental seaso s (I vs. II) are indica ed y t pr se ce of the caret symbol (^) after the me ns within the s m  column. 1 Raij et al. [35]. 
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Tabl 3. S il micr ut ie t conce tr tio  (mg kg−3) fter tw  c ecutive experime t  seas s f s ybea  cultivati n according to applicati  method (AM: WA = 
whol  ea; BR = be w e  r ws) a d tr tme ts (control, conv ntional fertiliz tion (CF), and CSS increa ing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
____________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0.28 cB  0. 1  ^ .4 bcB ϰ^ .6  ^ 4 7 a  ^ 28.6 aB  32.4 ab  ϰ#^ .0   1.2 aA  
.5  .43 aA ^ 0.31 cB .7   .2 b    21 bA ϰ 9.1 A ϰ#^ 29.  bcA ϰ#^ 1.3 b  ^ 0.8   
0.0 . 5 bB  .64 a   .4 B ϰ^ 2.6  1 ^    26.7 B  35.9 a  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 aA ^ 0 45 bA 2.6 abA ^ 2 5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  .7  NS 19.73 ** 11. 2 * 
CSS rates 35.9   0. 2 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0, 9 ϰ .  7.7 ϰ^ 9.1 ϰ^ 0.6 ϰ 
CF 0.42 #  .3 ϰ 4.0  15.1 #^ 1.4 #^ 
5.0 0.24  ϰ^ .28 b  ^ .5  .  ^ .3  ϰ#^ 7. b  7.1 #^ 7.1  1.2 cB # .5   
7 5 . 7 A  0.31 bA .4 ϰ^ .6  .  A ϰ#^ 8.7  ϰ 8.9  8.7 ϰ#  .8 b  #^ 1.7 c  #^ 
0.0  0. 6 bB  . 1  ^ .   .7  17.0 bB ϰ#^ 23 0 6.7 ϰ#^ .6  .5 a  ^ .8 a  ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ ^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3. 4 NS 2.4  NS 0.85 NS 20.97  
CSS rates  37.49 * 4.59  4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 __________ __ _____ __ _ __ __ __ Interpretation limit 1 ________________________________________________________________________ 
Low –0.  – .2 0–4 0–1.2 0–0.5 
M dium 0.21 .6  .3 0.8 5–12 1.3–5.0 0.6–1.  
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS— ndicate signif cance at p ≤ 0.05, p ≤ 0.01, and ot sig ifica t, r sp ctively. Sig ificant differences (p ≤ 0.05; Tukey t st) betwee  CSS rates (lowercase 
let s) r pplicatio  thod  (up ercase let rs) re i dicat  by dif erent letters after mea s wi hin th  sam  column. Significant differe ces (p ≤ 0.05; Dunnett 
t st) amo g th  tre t e s are in ica ed by iff re  symb ls (ϰ, #) fter th ea s wi hin th  same c lu n. Sig ificant differe c s (p ≤ 0.05; T key test) among t e 
tr atments fo  different xperimental seasons (I vs. II) ar  indicated by the prese c of the caret symbol (^) fter the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il mi r u ri t conce tr ti n ( g kg−3) af r tw  co secutive experime tal seas s of soybean cultivation accordi g to application method (AM: WA = 
whol  a ea; BR = b wee  r ws) a d e tme s (c trol, conv ntional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA  WA WA BR WA BR WA BR 
 I experimental season _________________________  
Control . 0 ϰ .1 ϰ 22 ϰ^ 34.8 ϰ  .5  
CF 0.2 2.3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .28 cB 0 1 ^ 2.4 cB ϰ^ 6 4  27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab   .0 A ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA  .2 B ϰ 5  21 b   29.  a   29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  . 5 bB ^ 0.6  a  ^ .4 bB ϰ 2.6 a   21 a ϰ^    6.7 B ϰ#^ 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0 45 bA 2.6 abA ^ 2.5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50 48 .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59 7 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8 4 6.3 9.7 6.2 24.8 
 II experimental season _________________________ 
Control ,19 ϰ 1.  ^ 17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 1.3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0  0 24  ϰ^ 0.28 bA ^ .5  .  .3  ϰ#^ 17.7bc  ϰ^ .1 #^ 7.  ^ 1.2 cB  .5   
7.5 CSS . 7bA ^ .31 bA 1.4 ϰ  .6 17.0 A  18.7 b  ϰ .9  18.7 ϰ#  1.8 bA #  1.  cA #  
0.  .  b ^ .41 a  #^ .   .7  17.0 bB ϰ 23.0 aA ^ 16.7 ϰ#  .6  2.5 a  ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  .4  NS 2.45 NS 0.85 NS 20.97  
CSS rates 37 49 ** 4.5   4.55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6 81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low –0.2  –0.2 0 4 0–1.2 0–0.5 
Medium .21 60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—indicate significan e at p ≤ 0.05, p ≤ 0. 1, ot sig ifica t, respectively. Sig ificant differences (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
let ers) or applicati  etho (u ercase le t rs) are indic t d by dif erent l tters after ean ithin the sa  ol . i ifica t ifferences (p ≤ 0.05; D nnett 
t st) amo g t e treatm n s are i dica e by iff r nt symb ls (ϰ, #) fter th me ns wi in the same colu n. Significant differenc s (p ≤ 0.05; T key test) among t e 
tr atme ts o  different x erime tal seaso s (I vs II) are indicat d by prese c  of th  ar t symbol (^) after the me ns within the sam  co umn 1 Raij et al. [35]. 
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able 3. Soil icr utri t c e tratio  (m  k −3) after two co secutive experi tal s s ns f soybe  ult vati n accord ng to applicati method (AM: WA = 
wh le a ; BR = betw en rows) a d ments (c ro , co ven al f rtilization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
A BR WA BR WA BR WA BR WA BR 
 _ __ _  I experimental season ____________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 c  0.41 b   2.4 bcB ϰ^ .6 aA ^ 4 A  7 a  ϰ^ 28.6 B 2.4 ab  .0  ϰ 1.2 A ^ 
7.5 CSS .43  0.31 cB 2.7 aA ^ .  bB ϰ 5 ^ 1 bA ϰ 9.    29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 b   0.64  ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS .27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season ______________________________________________________________________ 
Control ,  ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.  ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 0.24  ϰ 0.28  ^ .5  .  ^ .3 bA 17.7bc  ^ 7.1  7.1  1.2 cB  .5   
.5 CSS . b 0.31  1.4 ϰ^ .6  1 .  A 18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 .2  . 1  #^ .   7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** .59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
__________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** n NS— di ate sign fi an e at p ≤ 0.05, p ≤ 0.01, an  not s gnifica t, r spe tively  Significan differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
tters) o app icati  et ods (up e cas  l t er ) re in icat d by dif erent letters after ans wi hin the same column. Significan differences (p ≤ 0.05; Dunnett 
te t) o g th  tr atme ts are ndicated by diff r nt sy bols (ϰ, #) af r the m a s within the same c lum . Significant differences (p ≤ 0.05; T key test) among the 
r at nts f  diff rent exper men al se sons (I vs. II) are ind cat d by the pres nce of the caret symbol (^) after the m ans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mi r u ri t c e tr ti n (m  kg−3) af er two onsecutive exper me tal seas ns of s ybea  cultivation ac ording to application method (AM: WA = 
whole a ; BR = b tween rows) and e tments (c rol, co ventional f rtilization (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  . c  ^ 0.41 b  ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43   0. 1 cB 2.7 aA ^ .  bB ϰ 5  1 b  ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .3 b   0.64  ^ .4 B ϰ^ 2.6 aA 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 A ^ 0.4  b  2.6 ab  ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS .27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control ,19 ϰ 1.   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 0.24  ϰ 0.28  ^ .5  .  .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
.5 CSS .2 b  0.31  .4 ϰ^ .6 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  . 6 b ^ . 1  #^ .   .7  7.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** .59 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
 Interpretation limit  _________________________ 
Low – 2 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.6  0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** n NS—i dic e s g ifica ce a p ≤ 0.05, p ≤ 0.01, not s gnificant, resp ctively. Significa t differenc s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
l ters) o applicati etho s (up ercas l er ) re indicated by different letters fter m ns within the same column. Significan differences (p ≤ 0.05; Dunnett 
test) mo g th  tr at ents are indicated by iff r t symbols (ϰ, #) a r the m s within the same column. Sig ificant differe c s (p ≤ 0.05; T key test) among the 
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Table 3. Soil micronutrie t concentratio  (mg kg−3) after two co secutive experime tal seasons f soybea  cultivati n acc rding t  applicati  method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fe tilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B u Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ^ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0  0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21   29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8  ^ 
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 1 .73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ .0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  1.  ^ .3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.1 #^ 1.2 cB  .5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A #  18.7 b  ϰ 8.9  8.7 ϰ#^ .8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 3.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 N  20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I terpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.  
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 0.6– .2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant ifferences (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
letters) or application ethods (uppercase letters) are indicated by different letters after means within t e same colu n. Significant differences (p ≤ 0.05; Du nett 
test) among the treat e ts are indicated by different symb ls (ϰ, #) after the mea s within the same c lumn. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rie t concentr ti  (mg kg−3) af er two co s cutive experime tal seaso s f soybea  cultivation ac ording t  applicati  method (AM: WA = 
whole area; BR = between rows) and eatments (c trol, conv ional fertilization (CF), a d CSS increasing rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 25.6 #  0.6 ϰ^ 
5.0  0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 abA  .0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21 b   29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3 b   0.8 a  ϰ^ 
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 a  
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 1 .0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  1.6 ^ 17.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  1.5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A  18.7 b  ϰ 18.9  18.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 b  
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low –0.2  – .2 0–4 0–1.2 –0.
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, not significa t, respectively. Significant ifferences (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
le ters) or application etho s (uppercase le ters) are indicated by different letters after me ns within t e same colu n. Significant differences (p ≤ 0.05; Du ett 
test) among the treat e ts are indicated by ifferent symbols (ϰ, #) after the me s within the same c lumn. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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able 3. Soil micronu rie t concentr ti (mg kg−3) af er two co s cutive exper me tal seasons f s y ea  cultivati  ac ording to applicati  method (AM: WA = 
whole area; BR = between rows) and eatments (c trol, conventional fertiliz tion (CF), a d CSS incre ng rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____  I experimental seas  _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
F 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 cB ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 4  7 a  ϰ  8.6  ϰ  32.4 ab   .0  ϰ 1.2  ^ 
7.5  43 aA  0.31 cB .7 a ^ .2 B ϰ 25 a ϰ  21 b   29.   29.2 bc  ϰ#^ 1.3   0.8 a   
0 0  .35 bB  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a  2.0 a   1.1 B ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 a  
F-test  
AM 50.48 *  .30  3.77 NS 19.73 ** 11.62 ** 
SS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental seaso  _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
F 0.42 #^ 1.3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA 1.5  .  .3   17.7bc  ^ .1  17.   1.2 cB  .5   
7.5 SS . bA  0.31 bA 1.4 ϰ^ .  .   ϰ  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .2  b  ^ 0 1  #^ .   .  17.0 bB ϰ#^ 23.0 aA ^ 16.  ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 b  
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
SS rates  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit  _________________________
Low 0–0.2  0–0.2 0–4 0–1.2 –0.5 
Medium .21–0.6  0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, n not significa t, res ectively. Significant iffere ces (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) or application ethods (uppercas  le t rs) are i dicated by d ffere t letters after me s within th  same colum . Sig ificant differences (p ≤ 0.05; Du nett 
test) mong the treat e ts are indicated by ifferent symbols (ϰ, #) after the me s withi  the sa e c lu n. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different exper mental seaso s (I vs. II) are indicated by pr sence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil micron rie t concentr ti n (mg kg−3) af er two co s cutive exper me tal seasons of s y ea  cultivati  ac ording t  applicati  method (AM: WA = 
whole area; BR = between rows) a d eatments (c t ol, conventional fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental seaso  _________________________  
Control 0. 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0. 8 c ^ 0.41 b  ^ 2.4 bc  ϰ^ .6 a ^ 24 a ϰ^ 27 a  ϰ^ 28.6  ϰ#^ 32.4 ab   .0 A ϰ 1.  a  ^ 
7.5 CSS 0 43 a  ^ 0.31 cB .7 a ^ .2 B ϰ 25 a  21 b  ϰ 29.  #^ 29.2 bcA ϰ#^ 1.3  ^ 0.8   
0 0  .35 bB 0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a   2.0 a   1.1 B ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  .5  .  ^ 17.3  ϰ#^ 1 .7bc  ^ .1 ϰ#^ 7.1 ϰ#^ .2 cB  .5  #^ 
7.5 CSS 0. bA  0.31 bA 1.4 ϰ^ .6 ^ .0 A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .2  b  ^ 0 1  #^ .   .7 17.0 bB ϰ#^ 23.0 aA ^ 16.  ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________
Low –0.2  0–0.2 0–4 0–1.2 –0.5
Medium 0.21–0.60 .3–0.8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in c te significance at p ≤ 0.05, p ≤ 0.01, n ot significant, res ectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
le ters) or application th ds (uppercas  l t rs) are indicated by d ffere t letters after m s within th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
t st) mong the tre t e ts are indicated by ifferent sy bols (ϰ, #) after the m s withi  the sa e c lu n. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different expe mental seaso s (I vs. II) are indica ed by pr se ce of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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able 3. Soil micron rie t c centra i n (mg kg−3) af er tw  co s cutive exper ntal seas s of s y ea  cultivati  ac rding to application method (AM: WA = 
whole area; BR = between rows) a d treatments (c t ol, conventional fertiliz ion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
 BR WA BR WA BR WA BR WA BR 
  I experimental season _________________________  
Control .20 ϰ 2.1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .28 c ^ 0.41 b  ^ 2.4 bcB ^ .6 aA ^ 4  27 a  ϰ^ 8.6   32.4 ab  ϰ#^ .0  ϰ 1.2 A ^ 
7.5 CS 0.43 a  0.31 cB .7 aA .2 bB ϰ 5  1 b  ϰ 29   29.2 c  ϰ#^ 1.3 b   0.8   
0.0  .35 b  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 a  ^ 0.45 b  2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 1 .73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8. 1 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 0.24  ϰ^ 0.28 b  .5 ^ .   .3 A  17.7bc  ^ .1 ^ 7.1 #^ 1.2 cB  1.5   
7.5 CSS 0. 7bA  0.31 b  1.4 ϰ^ 1.6  .0 A #^ 18.7 b  ϰ 8.9 #^ 18.7 ϰ#^ 1.8 bA #^ 1.  c  #^ 
0.0  .2 b  ^ 0 1 .   7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Int rpr tation limit 1 _________________________
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.6  0 3–0.8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in e sign fica e at p ≤ 0.05, p ≤ 0.01,  t significa t, r spectively. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le te s) or application meth s (uppercas  l ters) are indicat d by d ffer nt letters after s wi hin the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
est) mong th  t tments are indicated by ifferent sy bols (ϰ, #) after the m s withi  the sa e colu n. Si nifican differenc s (p ≤ 0.05; T ke  test) among the 
tr atments for different expe mental seaso s (I vs. II) are indica ed y t pr se ce of the caret symbol (^) after the me ns within the s m  column. 1 Raij et al. [35]. 
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Table 3. S il micro ut i t concentr tion (mg kg−3) ft r tw  c n ecutive experime t  seaso s of s ybean cultivati n a cording to applicati  method (AM: WA = 
whol  ea; BR = be ween rows) a d tr tme s (control, conv ional f rtiliza io  (CF), nd CSS increa ing r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA  WA WA BR WA BR WA BR 
 I experimental season ____________________ ___________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF .2 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0.28 c  ^ 0 1 ^ 2.4 bc ϰ^ 2 4 a ϰ^ 7 a  ϰ^ 2 .6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 0.43 a ^ 0.31 cB 2.7 a ^ 2.2 B ϰ 25 a ϰ^ 21 bA  9.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3  ^ 0.8 a  ^ 
10.0 CSS 0.35 bB  0.64 a  ^ .4 abB ϰ 2.6 a  ^ 1 aAϰ^ 27 A ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2 5 b ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50 48 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59 7 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8 4 6.3 9.7 6.2 24.8 
 II experimental seas n ____________________ ___________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF .42 .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 bA ^ 5 ϰ^ 1.6 ^ 17.3 A ϰ#^ 17.7bc ϰ  17.1 ϰ#^ 17.  ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 SS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18 7 ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 b  #^ 1.7 cA #^ 
10 CSS 0.26 bB ^ .41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23 0 6.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1 6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  .4  NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37 49 4.59  4.55 * 3.15 ** 36.42 ** 
(AM) × (CSS) 6 81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 0 8.0 8.2 9.8 14.6 
 Interpretation limit 1 ____________________ ___________________________ 
Low –0.20 –0.2 0–4 –1.2 0–0.5 
Medium .21 6  .3– .8 –12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significan e at p ≤ 0.05, p ≤ 0. 1, and ot sig ificant, r pectively. Sig ificant iffere ces (p ≤ 0.05; Tukey t st) between CSS rates (lowercase 
lett s) or application t od (uppercase let rs) re i dic t d by dif erent l tters after ea wi hin t  sam  colu . Significant differences (p ≤ 0.05; Du nett 
t s ) among th  tre e s are in icate by diff ren  symbols (ϰ, #) fter th eans wi hin th  same c lumn. Significant differe c s (p ≤ 0.05; Tuk y test) among the 
tre tm nts for different x erimental seasons (I vs. II) are indicat d by the prese c  f th  are  sy bol (^) fter the means within the same column. 1 Raij et al. [35]. 
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Tabl 3. S il micronut ie t co ce tr ion (mg kg−3) fter two c cutiv experime t  seaso s f s ybea  cultivati n ac ording to application method (AM: WA = 
whol  ea; BR = be w e  r ws) a d tr tme ts (c trol, conv ntional f r iliz ion (CF), and CSS increa ing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
____________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1 ϰ 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0.28 c ^ 0. 1  ^ 2.4 bc ϰ^ 2.6 a  ^ 4 a ϰ^ 7 a  ϰ^ 2 .6 a   32.4 ab   .0  ϰ 1.2 aA ^ 
7.5  0.43 a ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a ϰ  21 bA ϰ 9.1 a  ϰ#^ 29.  bcA ϰ#^ 1.3 b   0.8   
0.0 . 5 bB  0.64 aA ^ .4 B ϰ^ 2.6 a  1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 aA ^ 0 45 bA 2.6 abA ^ 2 5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  .3 ϰ 14.0 # 15.1 #^ 1.4 #^ 
5.0 0.24  ϰ^ 0.28 bA ^ 1.5  1.  ^ 17.3   17.7b ^ 17.1 ϰ#^ 17.1 ^ 1.2 cB  .5   
7 5 SS .27bA ^ 0.31 bA 1.4 ϰ  1.6 ^ .    18.7  ϰ 18.9  18.7 ϰ#^ 1.8 b  #^ 1.7 cA #^ 
0.0  . 6 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23 0 16.7 ϰ#^ .6  .5 a  ^ .8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ ^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  .4  NS 2.45 NS 0.85 NS 20.97 *  
CSS rates  37. 9 ** 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 __________ __ _____ __ _ __ __ __ Interpretation limi  1 ________________________________________________________________________ 
Low 0.  0 .2 0–4 0–1.2 0–0.5 
M dium .21 .6  .3 .8 –12 1.3–5.  0.6–1.  
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS— dic e signif cance at p ≤ 0.05, p ≤ 0.01,  ot sig ificant, r sp ctively. Sig ificant differenc s (p ≤ 0.05; Tukey t st) between CSS rates (lowercase 
le s) or pplicatio  t od  (up ercase let rs) re indicat  by dif erent letters after me ns wi hin th  sam  column. Significant differences (p ≤ 0.05; Dunnett 
st) amo g th  tre t en s are in ica ed by iff re  symb ls (ϰ, #) fter th e ns wi hin th  same colu n. Significant differe c s (p ≤ 0.05; T key test) am ng t e 
tr atments fo  different xperimental seasons (I vs. II) ar  indicated by t e prese c of the caret symbol (^) fter the me ns within the s m  column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rie  conce tr n (mg kg−3) af er tw  co s cutive experime ta  seaso s f s ybea  cultivation ac ordi g to application method (AM: WA = 
whol  a ea; BR = b twee  r ws) a d e tme ts (c trol, conv ntional fertiliza ion (CF), a d CSS incre ing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
____ _ I experimental season _________________________  
Control 0.20 ϰ .1 22 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0.28 c ^ 0. 1  ^ 2.4 bc  ϰ^ .6  ^ 24 a ϰ^ 7 a  ϰ^ 28 6  ϰ#^ 32.4 ab  ϰ#^ .0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 a ^ 0.31 cB .7 a  ^ .2 B ϰ 5  21 b  ϰ 29 1  ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8   
0.0  . 5 bB  .64 a  ^ .4 B ϰ^ .6 a  1 ^    26.7 a   35.9 a  #^ 2.0 a  ^ 1.1 aB ϰ^ 
1 5 CSS 0 43 aA ^ 0 45 bA .6 bA ^ .5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.9  ** 0. 2 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental season _________________________ 
Control 0,19 ϰ .  17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ 14.0 # 5.1 #^ .4 #^ 
5.0 0.24  ϰ^ 0.28 b  ^ .5 ^ .  ^ .3  ϰ#^ 7. bc  ^ 17.1 ϰ#^ 7.1 ^ 1.2 cB # .5  ^ 
7 5 CSS 0.27 A  0.31 bA 1.4 ϰ^ .6 ^ .   ϰ#^ 18.7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  0. 6 bB  . 1  ^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  .4  NS 2.4  NS 0.85 NS 20.97  
CSS rates  37. 9 * 4.59  4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 _ _ _ _ __ _____ __ _ __ __ __  Interpretatio  lim t 1 _________________________ 
Low 0. .2 0–4 0–1.2 0–0.5 
M dium 0.21 .60 .3 .8 5–12 1.3–5.  0.6–1.2 
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS— ndic te signif cance at p ≤ 0.05,  ≤ 0.01, d ot sig ificant, r spectively. Sig ificant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ers) r pplicatio  m t od  (u ercas  le t rs) are indic t  by d f erent letters after e  it i  t e sa col n. i ifica t iffere ces (p ≤ 0.05; Dunnett 
t st) amo g t e t tmen s are indica ed by iff r t symb ls (ϰ, #) fter th me s wi in the same colu n. Significan differenc s (p ≤ 0.05; T key test) among t e 
tr atm nts fo  different xper me tal seaso s (I vs. II) ar  indicat d y pr se c of the car t symbol (^) fter the me ns within the s m  column 1 Raij et al. [35]. 
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a le 3. Soil icronutri t c e tratio  (mg k −3) after two o secutive exper tal seas ns f soybe  ult vati n according to applicati method (AM: WA = 
wh le a ; BR = betw en rows) a d tments (c ro , co ven al f rtilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
A BR WA BR WA BR WA BR WA BR 
 _ __ _  I experimental season _____________________ ______________________  
Control . 0 ϰ .1 ϰ  22 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0. c ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a  27 a ϰ^ 28.6 a  ϰ#^ 2.4 ab  .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 ^ 0.31 cB 2.7 aA ^ .  B ϰ 25 a  21 b  ϰ 9.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0  .3 b   0.64 a  ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^   6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season _______________________ ______________________ 
Control ,  ϰ .3  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .  ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 0.24  ϰ 0.28  ^ .5  .   7.3 ϰ#^ 17.7bc  ^ 7.1 ϰ#^ 7.1  1.2 cB  .5   
.5 CSS 0. bA 0.3  .4 ϰ^ .6  .  A 18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 . b  . 1  #^ .   7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.4  ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
_ __ _ _ _____ _____  Interpretation limit 1 _________________________ ______________________
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** n NS—i di ate s g fi an e a p ≤ 0.05, p ≤ 0.01, and not s gnifica t, r sp ctively  Significan differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
tters) o app icati  ethods (up ercas l t er ) re i icat d by different letters f er m a s wi hin the same column. Significan  differences (p ≤ 0.05; Dunnett 
t t) mo g th  tr at e ts are i dicated by diff r t sy bols (ϰ, #) af r the m a s within the same c lum . Significant differences (p ≤ 0.05; T key t st) among the 
r at ts f  diff rent exper men al se sons (I vs. II) are ind cat d by the pres nce of the caret symbol (^) af er the m ans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil i onu ri t c e tr ti n (mg kg−3) af er tw o secutive exper me tal seas ns of soybea  ultivation ac ording to application method (AM: WA = 
whole ; BR = between rows) a d e tments (c rol, co ve tional f rt lization (CF), d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____________________ _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0. c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a ^ 24 a ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0.31 cB 2.7 aA ^ .  B ϰ 25 a  21 b  ϰ 29.  a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0  .35 b  0.64  ^ .4 B ϰ^ 2.6 aA 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 A ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _______________________ _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 0.24 A 0.28 b  ^ .5  .  17.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
.5 CSS 0.2 b  0.31  .4 ϰ^ 1.6 .  A 18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 . 6 b ^ . 1  #^ .   .7  7.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
 Int rpretation limit 1 _________________________ _________________________ 
Low –0.2 0–0.2 0–4 0–1.2 0–0.5 
M dium 0.21–0.60 0.3– 8 5–12 1.3–5.  0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** n NS—i dic e s g if cance a p ≤ 0.05, p ≤ 0.01, not s gnifica t, r sp ctively  Significan  differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
l ters) o applicati etho s (up ercas l er ) re indicat d by different lett rs fter m ns within the same column. Significan differences (p ≤ 0.05; Dunnett 
test mo g th  tr at ents are indicated by iff r t symbols (ϰ, #) a r the m s within the same column. Sig ificant differenc s (p ≤ 0.05; T key test) among the 
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Table 3. Soil micronutrie t concentratio  (mg kg−3) after two co secutive experime tal seasons f soybea  cultivati n acc rding t  applicati  method (AM: WA = 
whole area; BR = between rows) and treatments (control, conv ional fe tilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .   2 ϰ^ 34.8 ϰ^ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0  .28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 Aϰ^ 7 aA ϰ^ 8.6   32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21 b   29.1 a  ϰ#^ 29.2 cA ϰ#^ 1.3 b   0.8 a  ϰ  
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 1 .73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ .0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   17.3  ϰ ^ 17.7bc  ^ 17.1 ϰ#^ 17.1  1.2 cB  .5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A  18.7 b  ϰ 18.9  8.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 3.0 aA ^ 6.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 –
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significa t, respectively. Significant ifferences (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
letters) or application ethods (uppercase letters) are indicated by different letters after means within t e same column. Significant differences (p ≤ 0.05; Du ett 
test) among the treat e ts are indicated by different symb ls (ϰ, #) after the mea s withi  the same c lumn. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the s e colu n. 1 Raij et al. [35]. 
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Table 3. Soil icronu rie t concentr ti  (mg kg−3) af er two co s cutive experime tal seaso s f soybea  cultivati  ac ording t  applic ti  method (AM: WA = 
whole area; BR = between rows) and eatments (c trol, conv ional fe tilization (CF), a d CSS increasing rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental seaso  _________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ^ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 25.6 #  0.6 ϰ^ 
5.0  .28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 ϰ^ 7 aA ϰ^ 8.6   32.4 abA  .0  ϰ 1.  A ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21 b   29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8  ϰ  
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 a  ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 a  
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ .0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   17.3  ϰ#^ 1 .7bc  ^ 7.1 ϰ#^ 7.1  .2 cB  1.5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A  8.7 b  ϰ 18.9  18.7 ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 6.  ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 b  
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low 0–0.2 0– .2 0–4 0–1.2 0 .  
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, n not significant, res ectively. Significant ifferences (p ≤ 0.05; Tukey test) betwee  CSS rates (l wercase 
le ters) or application etho s (uppercase le ters) are indicated by different letters after me ns within t e same colu n. Significant differences (p ≤ 0.05; Du ett 
test) among the treat e ts are indicated by ifferent symbols (ϰ, #) after the me s within the same c lumn. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t s mbol (^) after the me ns within the s  colu n 1 R ij et al. [35]. 
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Table 3. Soil icronu rie t concentr ti (mg kg−3) af er two co s cutive exper me tal seasons f s y ea  cultivati  ac ording to applic ti  method (AM: WA = 
whole area; BR = between rows) and eatments (c trol, conv ional fertiliz tion (CF), a d CSS incre ng rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____  I experimental seas  _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 c ^ 0.41 bA ^ 2.4 bc  ϰ^ .6 aA ^ 4 A ^ 7 a  ϰ^ 8.6  ϰ#^ 32.4 ab   .0 b  ϰ 1.2 A ^ 
7.5 CSS 0 43 a  ^ 0.31 cB .7 a ^ .2 B ϰ 25 a  21 b   29.  #^ 29.2 bc  ϰ#^ 1.3   0.8 a  ϰ  
0 0  .35 bB  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a   2.0 a   1.1 B ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 a  
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _____  II experimental seaso  _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0 C  0.24  ϰ^ 0.28 bA .5  .6 ^ 17.3 A #^ 17.7bc  ^ .1 ϰ#^ 7.   1.2 cB  .5   
7.5 CSS 0. bA  0.31 bA 1.4 ϰ^ .6 ^ .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .2  b  ^ 0 1  #^ .   .  17.0 bB ϰ#^ 23.0 aA ^ 16.  ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 b  
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________
Low 0–0.2  0–0.2 0–4 0–1.2 0– 5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, not significa t, res ectively. Significant iffere ces (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) or application ethods (uppercas  le t rs) are i dicated by d ffere t letters after me s within t  same column. Sig ificant differences (p ≤ 0.05; Du nett 
test) mong the treat e ts are indicated by ifferent symbols (ϰ, #) after the me s withi  the sa e c lu n. Significant differenc s (p ≤ 0.05; T ke  test) among the 
treatments for different exper mental seaso s (I vs. II) are indi ated by pr sence of the car t symbol (^) after the me ns w thin the sam c lu n 1 Raij et al. [35]. 
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Table 3. Soil icron rie t concentr ti n (mg kg−3) af er two co s cutive exper me tal seas s of s y ea  cultivati  ac ording t  applicati  method (AM: WA = 
whole area; BR = between rows) a d eatments (c t ol, conventional fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental seas  _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 c ^ 0.41 b  ^ 2.4 bc  ϰ^ .6 a ^ 4 Aϰ^ 7 aA ϰ^ 8.6   3 .4 ab   .0 A ϰ 1.2 aA ^ 
7.5 CSS 0 43 a  ^ 0.31 cB .7 a ^ .2 B ϰ 25 a  21 b  ϰ 29.  a #^ 29.2 bcA ϰ#^ 1.3   0.8 a   
0 0  .35 bB 0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ϰ^    6 7  35.9 a  2.0 a   1.1 B ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental seaso  _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.  #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA .5  .  17.3  ϰ#^ 17.7bc  ^ .1 ϰ#^ 7.   1.2 cB  .5   
7.5 CSS 0. bA  0.31 bA 1.4 ϰ^ .6 ^ .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .2  b  ^ 0 1  #^ .   .7 17. bB ϰ#^ 23.0 aA ^ 16.  ϰ#^ .6  2.5 a  ^ 2.8 aA  
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.  8.2 9.8 14.6 
 _________________________ Interpret tion limit 1 _________________________ 
Low 0–0.2 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 .3– .8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in c te significance at p ≤ 0.05, p ≤ 0.01, n t significa t, res ectively. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) or application th ds (uppercas  l t rs) are indicated by d ffere t letters after s within th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
t st) mong the tre t e ts are indicated by ifferent sy bols (ϰ, #) after the m s withi  the sa e c lu n. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different expe mental seaso s (I vs. II) are indica ed by pr se ce of the car t s mbol (^) after the me ns within the s  colu n 1 R ij et al. [35]. 
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Tabl 3. S il micronutrie t co ce tr ti n (mg kg−3) after two co secutive experime ta  seasons f s ybea  cultivation according to applicati  method (AM: WA = 
whol  a ea; BR = betw e  r ws) a d tre tme ts (control, conv ntional f r iliz ion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
____________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS .28 c ^ 0. 1 A ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 A ^ 7 a  ϰ^ 2 .6   32.4 ab   .0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 a ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25  21 b  ϰ 29.1 a  ϰ#^ 29.  bcA ϰ#^ 1.3 b   0.8   
0.0  . 5 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA 1 ϰ^    6.7 B  35.9 a  2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 aA ^ 0 45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0. 2 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  .3 ϰ 4.0  5.1 #^ 1.4 #^ 
5.0 C 0.24  ϰ^ 0.28 bA ^ .5 ^ .   17.3 A ϰ#^ 17.7bc  ^ 7.1 ϰ#^ 7.   1.2 cB  .5   
7 5 CSS 0.27bA  0.31 bA 1.4 ϰ  1.6 ^ .    18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  . 6 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 a  ^ 16.7 ϰ#^ .6  .5 a  ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  .4  NS 2.45 NS 0.85 NS 20.97  
CSS rates  37. 9 ** 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 __________ __ _____ __ _ __ __ __  Interpretation limi  1 ________________________________________________________________________ 
L w 0. .2 –4 0–1.2 0– 5 
M dium 0.21 .60 .3 0.8 5–12 1.3–5.0 0.6–1.  
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS— ndicate signif cance at p ≤ 0.05, p ≤ 0.01, an  ot sig ifica t, r sp ctively. Sig ificant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
let ers) or pplicatio  t od  (up ercase lett rs) are indicat  by dif erent letters after means within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
t st) amo g the tre t e s are in ica ed by iff re t symb ls (ϰ, #) fter th eans wi hin the same c lu n. Sig ificant differe ces (p ≤ 0.05; T key test) among t e 
tr atments fo  different x eri ental se sons (I vs. II) ar  indicated by the prese c of the caret symbol (^) fter the means within the same c lumn. 1 Raij et al. [35]. 
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Table 3. Soil icronu rie  conce tr ti n ( g kg−3) af er two co s cutive experime tal seasons f s ybea  cultivation ac ording to application method (AM: WA = 
whol  a ea; BR = b twee  r ws) a d eatme ts (c trol, conventional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA A  WA BR WA BR WA BR 
_________________________ I experimental season _________________________  
Control . 0 ϰ .1 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.2  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .28 c ^ 0. 1  ^ 2.4 c  ϰ 2.6  ^ 24 aAϰ^ 7 aA ϰ^ 8.6   32.4 ab   .0  ϰ 1.2 aA ^ 
7.5  0.43 a ^ 0.31 cB .7 a   .2 B ϰ 25 a ϰ  21 bA ϰ 9.   ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0  . 5 bB  0.64 aA ^ 2.4 B ϰ^ .6 a  1 ϰ^    6.7 B  35.9 a  2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 aA ^ 0 45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0. 2 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51  6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control ,19 ϰ .  17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ 4.0 # 5.1 #^ .4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   17.3 A  17.7bc  ^ 1 .1 ϰ#  7.1  1.2 cB  .5   
7 5 SS .2 bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ .    18.7 b  ϰ 1 .9  18.7 ϰ#^ 1.8 b  #^ 1.7 cA #^ 
0.0  .  b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  .4  NS 2.45 NS 0.85 NS 20.97 *  
CSS rates  37. 9 ** 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
 _ _ _ _ __ _____ __ _ __ __ __ ___ I terpretatio  lim t 1 _________________________ 
L w 0. .2 0–4 0–1.2 0– .5 
M dium .21 .6  .3 0.8 5–12 1.3–5.  0.6–1.2 
High 0.60 0.8 >12 >5.0 >1.2 
*, ** and NS— ndic te signif cance at p ≤ 0.05, p ≤ 0.01, n ot sig ificant, r spectively. Sig ificant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le ers) or applicatio  m t d  (u ercase le t rs) are indicat  by dif erent letters after e ns it i t e sa e col n. i ifica t iffere ces (p ≤ 0.05; Dunnett 
test) amo g t e tre tmen s are indica ed by iff r t symb ls (ϰ, #) after the me ns wi i  the same colu n. Significant differenc s (p ≤ 0.05; T key test) among t e 
tr atments fo  different xperi e tal seaso s (I vs. II) r  indicated by prese ce of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil i ronutrie t c e trati n (mg kg−3) after two secutive exper me tal seas ns of soybea  ultivation according to application method (AM: WA = 
whole a ; BR = between rows) a d re tments (c trol, co ventional f rtilization (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______  I experimental season ____________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  . c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 ^ 7 aA ϰ^ 8.6  32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0. 1 cB 2.7 aA ^ .  B ϰ 25 a  21 b  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0  .3 b   0.64 a  ^ .4 B ϰ^ 2.6 aA 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 A ^ 0.4 b  2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season ______________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 0.24 A 0.28  ^ .5  .  7.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
.5 CSS 0.2 b  0.31  .4 ϰ^ 1.6 .  A 18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 . 6 b  ^ . 1  #^ .   .7  7.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9.8 14.6 
_________________  Interpretatio  limit 1 ________________________________________________________________________ 
Low 0–0.2 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** n NS—i dicate s g ificance a p ≤ 0.05, p ≤ 0.01, a  not s gnificant, resp ctively  Significa  differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
l tters) or applicati etho s (up ercas  l t er ) are i dicat d by different letters fter m ans within the same column. Significan differences (p ≤ 0.05; Dunnett 
test) mo g th  tr at ents are indicated by iff r t symbols (ϰ, #) a ter the m a s within the same column. Sig ificant differences (p ≤ 0.05; T key test) among the 




AM 2.71 NS 0.13 NS 1.64 NS 0.07 NS 6.68 *
CSS rates 0.27 NS 1.29 NS 12.28 ** 2.69 NS 2.66 NS
(AM) × (CSS) 1.85 NS 1.25 NS 2.41 NS 3.17 * 1.41 NS
CV (%) 5.8 9.9 6.4 8.1 7.5
______________________________________________________________________ II experimental season ________________________________________________________________________________
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization ( F), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 .97 **
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 **
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient c ncentration (mg kg−3) after two consecutiv  experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = between r ws) and treatments (control, conventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________  I experimental season _________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 cB ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ# 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ# 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB 2.  aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________  II experimental season _________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1 4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 N  2 .97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________________________________ Interpretation limit 1 _________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. Significant diff rences (p ≤ 0.05; Tukey te t) between CSS rates (lowercase 
letters) or application methods (uppercase lett rs) are indicated by different lett rs after means within th  sam  column. Significant differences (p ≤ 0.05; Dunnett 
test) mong the treatments are indica d by different symbols (ϰ, #) after the mea s within th  sam  column. Significant differences (p ≤ 0.05; Tukey test) among the 
trea ment  for different experimental seasons (I vs. II) are indicated by the presenc of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rient c centra on (mg kg−3) after tw  consecutive experi ntal seasons of soybean cultivation according to application method (AM: WA = 
wh l ar a; BR = between rows) and tr tments (control, convent onal fertiliz ion ( F), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
 BR WA BR WA BR WA BR WA BR 
  I experimental season ___________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 CSS 0.28 c ^ 0.41 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0.31 cB .7 aA ^ 2.2 bB ϰ 5 aAϰ^ 21 bA ϰ 29.1 A ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 b  ^ 0.64 aA ^ .4 bB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43  ^ 0.45 b  .6 abA ^ .5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ___________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ .6 ^ 17.3 bA #^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA .31 bA 1.4 ϰ^ .6 ^ 17.0 bA #^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2  bB ^ 0.41 aA  1.6 ^ 1 7 ^ 17.0 bB ϰ 23.0 aA ^ 16.7 ϰ# 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA  1.6 ^ .6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 .97 **
CSS a s  37.49 ** 4.59 * 4.55 * 13.15 ** 36 42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___________________________________________________ Interpretation limit 1 ___________________________________________________ 
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate sign fican e at p ≤ 0.05,  ≤ 0.01, and ot signif cant, r spectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after mea s wi hin the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) among th  t a ments are indicated by different symbols (ϰ, #) after the means within the same column. Significan  differences (p ≤ 0.05; Tukey test) among the 
tr atm nts for different xperimental seasons (I vs. II) ar  indicated y the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micro utrient concentration (mg kg−3) after two consecutive exper ental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = betw en rows) and r tments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
BR WA BR WA BR WA BR WA BR 
 I experimental season __________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 A ^ 0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 b ^ 0.64 aA ^ 2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.4 b  2.6 bA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 *  8. 1 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _ _  II experimental season __________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 b ^ 0.31 bA .4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0 4  aA #^ 1 6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2.5 CSS 0.37 aB #^ .44 aA # .6 ^ 1 6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t st  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 **
CSS ra s  37.49 * 4. 9 * 4.55 * 13.15 ** 36 42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat  significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Signifi nt differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) o  applicati n ethods (uppercas  l tt r ) are i dicated by d ffer nt letters after means within th  same column. Significant differences (p ≤ 0.05; Dunnett 
test) mong the treatme ts are indicated by d ffer nt symbols (ϰ, #) after the mea s within the sam column. Significant differences (p ≤ 0.05; Tukey test) among the 
reatments for different expe men al seasons (I vs. II) re indicated by the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient c centr tion (mg kg−3) after two consecutive exper ntal seasons of soybean cultivation according to application method (AM: WA = 
wh le ar a; BR = between rows) and tr tments (control, conventional fertiliz tion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
BR WA BR WA BR WA BR WA BR 
  I experimental season __________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 c 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 a  0.31 cB .7 a ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 b 0.64 aA ^ 2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.4   ^ 0.45 b  2.6 bA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b  0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.2  bB  0 41 aA  1.6 ^ 7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA  1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-te t  
AM 48.76 ** 3.44 NS 2.45 N  0.85 NS 2 .97 ** 
CSS rat s  37.49 ** 4. 9 * 4.55 * 13. 5 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __________________________________________________ Interpretation limit 1 __________________________________________________ 
Low 0– .20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i di ate sign fican e at p ≤ 0.05, p ≤ 0.01, and not significant, r spectively. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
letters) or applicati n ethods (uppercas  lett rs) are indicated by d fferent letters after mea s wi hin th  same column. Significant differences (p ≤ 0.05; Dunnett 
test) mong th  tr atments a  indicated by different ymbols (ϰ, #) after the mea s within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
tr atments for diff rent exper mental easons (I vs. II) are indicated by the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentration (mg kg−3) after tw  co ecutive experimental seasons of soy ea  cultivation accor ing t  application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CS  increasing rates— g ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ____________ __ __ __ _ __ _ __ __ __ __ __ __ __ __ I experimental season __ __ _ __ ___________________________________ _ __ _ __ __ __  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  . 8 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6   32.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 aA  0.31 cB 2.   ^ .2 bB ϰ 5  1 b  ϰ 9.1   9.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 B  0.64 aA ^ .4 B  2.6 aA ^ 1 ϰ^    6.7 B  3 .9 a   2.0 aA ^ 1.1 B ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 * 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .   .  A  18.7 b  ϰ 8.9  18.7 ϰ  .8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .   17.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 2 .97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0 1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant iffere ces (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by differe t letters after means within t e same colum . Sig ificant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the mea s within the same column. Significa t differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rie t concentra on (mg kg−3) after tw  co secutive experime tal seas s of soybea  cultivation acc rding t application method (AM: WA = 
whol area; BR = between rows) and treatments (control, convent onal fertiliz ion ( F), nd  increasing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 __ __ __ __ _ __ _ __ _ __ __ _______ I experimental seaso  _ __ __ __ __ __ __ __ __ __ __ __ _ __ _   
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0  .28 cB ^ 0.41 bA ^ 2.4 cB ϰ^ .6 a  ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 A  0.31 cB 2.7 aA ^ .2 b  ϰ 5  1 b   9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 a  ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA .6 abA ^ .5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 1 .73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___________________________________________________ II experimental season ___________________________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5 .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  .3  bA 1.4 ϰ^ .   .  A  18.7 b  ϰ .9  18.7 ϰ#^ 1.8 b  #^ .  c  #^ 
0.0  .26 b  ^ . 1   .   .7  17.0 bB ϰ 23.0 aA ^ 6.7 ϰ# .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ .6  20.5 A ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est
AM 48.76  3.44 NS 2.45 NS 0.85 NS 2 .97  
CSS a s  37.4 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________________________ _____________ Interpretation limit 1 ___________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significa ce at p ≤ 0.05,  ≤ 0.01, an  ot signif cant, respectively. Significant iffere ces (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase letters) are in icated by differ nt letters after mea s within t e same colum . Sig ificant differences (p ≤ 0.05; Du nett 
test) among the t a ments are indicated by different symbols (ϰ, #) after the mea s within the same colu n. Significan  differences (p ≤ 0.05; T key test) among the 
treatm nts for different xperimental seasons (I vs. II) ar  indicated y the pr sence of the caret symbol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rie t c centr tion ( g kg−3) after two co secutive experi ental seasons of soy ean cultivation accordi g to application method (AM: WA = 
wh le ar a; BR = between rows) and t tments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ _ _ _  I experimental season _ _ __ ______________________________________________________________  
Control . 0 ϰ 2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 SS . c  ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 a ϰ^ 27 aA ϰ^ 8.6 aB ϰ#  32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 A ^ 
7.5 CS  0.43  ^ 0.31 cB 2.   ^ 2.2 bB ϰ 25 a ϰ^ 1 b   29.1 aA ϰ#^ 29.2 bc   1.3 b  ^ 0.8 aB ϰ^ 
10.0 SS .35 b   0.6  aA ^ 2.4 abB  .6 A ^ 21 aAϰ^ 27 a  ϰ^ 6.7 B ϰ#^ 35.9 a  ϰ#^ 2.0 aA ^ 1.  aB ϰ^ 
12.5 CSS 0.43 A ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.7  ** 11.62  
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control ,  ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 SS 0.24 b ϰ 0.28 bA ^ 1.5 ϰ^ 6 ^ 17.3 b  ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ .2 cB # 1.5 c  #^ 
7.5 CS  0.2 b ^ 0.3  b  1.4 ϰ  1 ^ 17.0 bA ϰ#^ 18.7 b  ϰ 18.9 ϰ#^ 18.7 ϰ  1.8 bA #  1.7 cA #^ 
10.0 SS . b   0.41  #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ  15.6 #^ 2.5 a  ^ 2.8 aA ^ 
12.  CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 2 .97 ** 
CSS r tes  37.4   4.  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.8  ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 –0.2 0 4 0–1.2 –0.5 
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS—i di ate sig ifica e a p ≤ 0.05, p ≤ 0.01, a  not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or app icati n ethods (uppercase l tter ) are in icated by differe t letters after mea s within the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
test) among th  treat ents ar  indicated by differen  symbols (ϰ, #) after t e means withi  the same colu n. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments fo  different experimen al seasons (I vs. II) are ind cated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. oil micronutrient concentration (mg kg−3) after two c nsecutive experimental seasons of soyb an cultivation according to application method (AM: WA = 
whole area; BR = between row ) and tr a ments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.  #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 a ϰ^ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 b  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 a ϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6. 4 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.4  #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7 cA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) bet een CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the sa e colum . Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by differe t symbols (ϰ, #) after the means withi  the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu ri nt concentr tion (mg kg−3) af er two cons cutive experiment l seasons of s ybean cultivation ac ordi g to application meth d (AM: WA = 
whole area; BR = b tween row ) and eatments (c trol, conv ntional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ  24  25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 ab  ϰ#^ 1.  b  ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 a ϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.6  ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2. 3 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.  cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 #^ 2.5 A ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 a  ϰ 15.7 cB ϰ#  12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.4  *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low 0–0.20 0– .  0–4 0–1.2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, d not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le ters) or application methods (uppercase le ters) are indicated by different letters after me ns within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are i dicate  by differe t symbols (ϰ, #) after the me ns within the same column. Sig ificant differenc s (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3  Soil micro utrie t c tratio (mg kg−3) aft r two co secutive experime tal seasons f soybe n cultivation according to application method (AM: WA = 
whol  area; BR = between rows) and treatme t (control, conv tion l fertilizat on (CF), and CSS incre sing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________ I experimental season _____________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 4 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA 2  Aϰ^ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA 21 ϰ^ 7 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5. 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____________________________ II experimental season _____________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0 CSS 0.24 bA ϰ^ 0.28 bA .5 .6 17.3 bA ϰ#^ 1 7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7 5 CSS 0.27bA ^ 0.31 bA .4 ^ 1.6 17.0 bA ϰ#^ 8.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10 0 CSS 0.26 bB ^ 0.41 aA # .6 1.7 17.0 bB ϰ#^ 3.0 A ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^
12 5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.  aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 **
CSS rates 37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___  Interpretation limit 1 _____________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
M dium 0.21– .6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not significant, res ectively. Significant differ ces (p ≤ 0.05; T key tes ) betwe n CSS rates (lowercase 
letters) or application metho s (uppercase ) ar  indica ed by diff r nt l tters after means with  the same colum . Sig ifica t differenc s (p ≤ 0.05; Dunnett 
test) among the treatments ar  indicated by different symbols (ϰ, #) after means wit in the same colu n. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for differ nt experimental season  (I vs. II) are indicated by the p esence of the caret symbol (^) after  means within the same column. 1 Raij et al. [35]. 
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Tabl 3. S il micr nu ri nt c r ti (mg kg−3) f r two co s cutive experime tal seasons f s ybe n cultivatio  ac ordi g to application method (AM: WA = 
whol  area; BR = betw en rows) a d eatmen s (c trol, convention l fertiliz tion ( F), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatm nt  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 b  2.4 bcB ^ 2.6 aA 2 Aϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 a  ^ 
7.5 CSS 0.43 aA ^ 0.31 c  2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 2 ϰ 29.1 a  ϰ#^ 29. cA ϰ#^ 1.3 b   0.8 aB ϰ^ 
10.  CSS 0.35 bB ^ 0.64 aA 2.4 abB ϰ^ 2.6 aA 1 a ϰ^ 7 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 * 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0 CSS 0.24 bA ϰ^ 0.28  ^ 1.5  .6 1 .3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA  
7 5 CSS 0.27b ^ 0.31 b  .4 ϰ^ 1.6 17.0 bA ϰ#^ 8.7 bA ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.  b  #^ 1.7 c   
10 CSS 0.26 bB ^ 0.41 aA #^ .6 1.7 7.0 bB ϰ#^ 3.0 A ^ 16.7 ϰ#^ 15.6 #^ .5 a ^ 2.8 aA ^
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.  A ϰ 15 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F- est 
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates 37.49  4.59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6. 1 ** 0.29 NS 19.1  ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low 0–0. 0 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS—i icate significance at p ≤ 0.05, p ≤ 0.01, d n t significant, res ctively. Significant differ ces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
le t rs) or pplication metho s (uppercas ) ar  indicat d by diff rent l tters after me ns with  the sa e column. Sig ificant differences (p ≤ 0.05; Dun ett 
tes ) a ong the treat e ts are indicated by diff rent sy bols (ϰ, #) af er the me ns within the same colu n. Significant ifferenc s (p ≤ 0.05; Tukey test) among the 
treatm nts fo  different exp rimental s aso (I vs. II) are indicated by p esence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Tabl  3  S il micronu ri nt c nc ratio  (mg kg−3) af er t o cons cutive exper mental seas ns f s ybea  cultivation ac ordi g to application method (AM: WA = 
who  area; BR = betw e r ws) and eatmen  (c trol c vention l fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control 0 20 ϰ 2 1 ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB 2 7 a .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10 0 CSS 0.35 bB ^ 0.64 aA 2.4 abB ϰ^ . aA ^ 21 aAϰ^ 27 aA ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA 2.6 2.5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS .77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5. 6 ** 
(AM) × (CSS) 59.71 * 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6 3 9.7 6.2 24.8 
_________________________ II experimental season _________________________ 
Control 0, 9 ϰ 1 3 ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 1 .1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0 27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 1 .0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0 26 bB ^ 0 41 aA #^ 1.6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 A ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est  
AM 4 .76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  7.49 * 4.59  4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8 0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 0 21– .60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—ind c te significa ce at p ≤ 0.05, p ≤ 0.01, d not significant, resp ctiv ly. Significant ifferences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
le t rs) or pplication methods (uppercas  le ters) are indicat d by t letters after me s within th  same column. Significa t differences (p ≤ 0.05; Dunnett 
tes ) ong the treatments are indicated by diff re t symb ls (ϰ, #) af er t e me s withi  the same colu n. Significant differenc s (p ≤ 0.05; Tukey test) amo g the 
treatm nt  for different exp rimental s aso s (I vs. II) are ind ca ed by prese ce of the car t symbol (^) after the means within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil micronu r e t c ce tr io (mg kg−3) after tw  consecutiv  experi ental seasons of soybean cultivation according to application method (AM: WA = 
wh l ar a; BR = betwee  r ws) and t tments (co t ol conventio al fertilization (CF), and CSS incre sing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0 28 c  ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0.31 cB 2.7 a  ^ .2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0 35 b ^ 0.64 aA ^ 2.4 abB 2.  aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43  ^ 0.45 bA 2.6 abA 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 5.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control 0,  ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0 28 bA ^ 1.5 ϰ^ 6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.3  bA 1.4 ϰ^ 6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0 0 CSS 0.2  bB 0.41 aA 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.  CSS 0 37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
M dium 0. 1–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— ndi ate sig ifican e a p ≤ 0.05, p ≤ 0.01, and ot sig ificant, r spectively. Significant diff rences (p ≤ 0.05; T key te t) between CSS rates (lowercase 
letters) or app icatio  methods (uppercase l tt rs) are indicat  by different lett rs after mea s within th sam  column. Significant differences (p ≤ 0.05; Dunnett 
t st) mo g th  tre tme ts ar  indica d by diff rent symbols (ϰ, #) after the mea s within th  sam  colu n. Significant differences (p ≤ 0.05; Tukey test) among the 
tr atment  fo differ nt experim tal seasons (I vs. II) ar ind cated by the prese c of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table . oil mi r nu r en  c ce tr ion (mg kg−3) af er two consecutive experimental seasons of soybean cultivation accordi g to application method (AM: WA = 
wh l area; BR = b we n r ws) and tments (c trol, conventional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 __________  I experimental season ________ __ __ __ __ __ __ _ ___ __ __ __ __ ___________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.4  a ^ 0.31 c  2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#  .3 bA  0.8 aB ϰ^ 
10.  CSS 0.35 b ^ 0.64 A ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
___________  II experimental season ______ __ __ __ __ __ __ _ ___ __ __ __ __ __ __________________________ 
Control 0,  ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ  0.28 bA ^ 1.5 ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ  17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.3  bA 1.4 ϰ^ .6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.  b  #^ 1.7 cA #^ 
10  CSS 0.2 bB ^ 0.41 A #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 16.7 ϰ#^ 15.6 #^ 2.5 a  ^ 2.8 aA ^ 
12.  CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-te t 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates 37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________________________________________ Interpretation limit 1 ___ _ ___ __ __ __ __ __ __ _ ___ __ __ __ __ __________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Me ium .21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance a p ≤ 0.05, p ≤ 0.01, d ot ignificant, respe ively. Significant differences (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
let ers) or application m ods (u percase le ters) re indicated by diff rent letters after mea s wi hi  the same olumn. Significant differences (p ≤ 0.05; Dunnett 
test) amo g the tre t s ar ndicated by diff r nt symb ls (ϰ, #) after he e ns within the sam  olumn. Significant differences (p ≤ 0.05; Tukey test) among the 
tr atme ts o  diff r nt experim tal s so s (I v . II) are indicated by presence of the car t symbol (^) after the me ns within the sam  co umn 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentratio (mg kg−3) after two consecutive experime tal seasons f s ybea  cultivati  accordi g t  application method (AM: WA = 
whole area; BR = between rows) and treatmen s (control, conventional fertilization (CF), and CS  increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental seas  ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ  0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 2   ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 b  ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ^ 21 A ϰ 29.1 aA ϰ#^ 29.2 bc  ϰ#^ 1.3   0.8 aB ϰ  
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ .0 a   1.1 B ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 9.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4  ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental seaso  ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #  1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.  ϰ#^ 1.2 cB # .5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ .7 cA #^ 
10.0 CSS 0.26 B ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ ^ 23.0 aA  1 .  ϰ#^ 15.6 #^ 2.5 A ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 **
CSS rates  37.49 ** 4.59 * 4.55 * 13.15  36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low –0.20 –0.2 0–4 0–1.2 –0.5 
Medium 0.21–0.60 .3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, res ectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application methods (uppercase letters) are i dicated by differe t letters after means within the same colu n. Significant differences (p ≤ 0.05; Dun ett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the sa e column. Sig ificant differences (p ≤ 0.05; Tukey test) am ng the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
ˆ 5
Agronomy 2020, 10, x   9 of 20 
Agron my 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.co /journal/agronomy 
Table 3. oil mi ronutrie t concentr tio  (mg kg−3) after two co ecu ive experime tal seasons f soybea cultiva ion accordi g t  applicati  method (AM: WA = 
whole area; BR = betwe n row ) and tr a me ts (control, conventional fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B u Fe Mn Zn 
WA BR WA BR W  BR WA BR WA BR
 ________________________ I experimental season ________________________  
Control . 0 ϰ .   2 ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4   aA ϰ^ 8.6 B  32.4 b   .0   1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 bA ϰ 9.1 A  29.2 bc  ϰ#^ 1.3   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9   .0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 *  11.6  ** 
CSS rates 35.9   0. 2 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________ II experimental seas  ________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6  
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .   .   .3   7.7bc   7.   7.   1.2 cB  .5   
7.5 CSS . 7bA 0.31 bA 1.4 ϰ^ .6  1 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b #^ 1.7 c  #^ 
0.0  .26  ^ . 1 a  #^ .  .7  17.0 bB ϰ#^ 23.0 aA  16.7 ϰ#  .6  2.5 a ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________ Interpretation limit 1 ________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significa t, respectively. Sig ificant differences (p ≤ 0.05; Tukey test) b twee  CSS rates (lowercase 
let ers) or application ethods (uppercase let rs) are indicated by di f e t letters after eans within the sa e olu n. Sig ificant differe ces (p ≤ 0.05; Dunnett 
test) a ong th  treat ts are indicated by different symbols (ϰ, #) after the mea s within the sa e lumn. Sig ificant differences (p ≤ 0.05; T key test) among the 
treatments fo  different experimental seaso s (I vs. II) are indicated by t e presence of the c r t symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rie t c ncentr ti n (mg kg−3) fter two co s cutiv experime tal seasons of s ybea  cultivatio  ac ordi g t  applicatio  method (AM: WA = 
whole area; BR = b tween r w ) and eatments (c trol, conventio al fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 _____  I experimental season _________________________  
Control . 0 ϰ .1 ^ 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ .6 #^ 0.6 ϰ^ 
5.0  28 cB ^ 0. 1 bA ^ 2.4 bcB .6 aA ^ 4  7 a ϰ^ 8.6 B 32.4 bA  .0   1.2 A ^ 
7.5 C S .43 aA  0.31 cB 2.7 a  ^ .2 bB ϰ  1 b  ϰ 9.1 A 29.2 bc  ϰ#^ 1.3 b   .    
0.0  .35 bB  0.64 aA ^ .4 B 2.  aA ^ 1 ϰ^    6.7 B 3 .9   .0 a  ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 a 0.45 bA .6 ab  ^ 2.5 abA ^ 25 aAϰ 7 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .   1.   .3   17.7bc  7.   7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1 4 ϰ^ .6  .  A  18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^
0.0 .26 b  ^ . 1  #  .   .7  7.0 bB ϰ#^ 23.0 aA  16.7 ϰ# .6  2.5  ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 * 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limit 1 _________________________ 
Low –0.2 0– .2 0–4 0–1 2 0–0.5 
Medium 0.2 –0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te sig ificance at p ≤ 0.05, p ≤ 0.01, n not sig ificant, respectively. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
le ters) or application metho s (uppercase le t rs) are indicate  by different lett rs after me ns within th  sa  column. Significant differences (p ≤ 0.05; Dunnett 
test) mong the treatments are in ica d by ifferent symbols (ϰ, #) after the me s within th  sam  column. Significant differenc s (p ≤ 0.05; T key test) a ong the 
trea ment  for different experimental seaso s (I vs. II) are indicated by presenc of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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T bl 3. il mic onutri t conc ratio (mg kg−3) after two co secutive experiment l seasons f soybea cul iv tion acc rdi g t  applicatio method (AM: WA = 
whole a ea; BR = betw en ows) nd treatm s (control, conv ntional fertiliz tion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA R WA BR WA BR WA BR 
 __________________________________________________ I experimental season _ ______________________________  
Control 0.20 ϰ 2.  ϰ^ 22 ^ 34.8 ϰ^ 0.  ϰ 
F 0.26 #^ 2.3 ϰ^ 2  ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ .4 bA ^ .4 bcB ϰ^ 2.6 aA ^ 4 a ϰ^   ^ 8.6 aB ϰ#^ 32.4 abA ϰ#  1.0 b  ϰ 1.2 aA ^ 
.5  0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 5 ^ 21 A ϰ 29. aA ϰ#^ 29.2 bcA ϰ# 1.3 bA ^ 0.8 aB ϰ  
10.0 CSS 0.3 bB ^ .64 a  ^ 2.  a B ϰ^ 2.6 a   1 ^ 27  ϰ^ 26.7 aB ϰ#^ .9 aA ϰ#^ 2.0 a  ^ .1 B ϰ  
12.5 CSS 0.43 aA ^ 0.4 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ .4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.91 * 0.42 NS 3.27  .63 NS 5.16 * 
(AM) × (CSS) 59.71 ** 8.51 ** .44 ** 2. 1 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.  24.8 
 _________________________________________________ II experimental season _ ______________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
F 0.42 #^ 1.3 ϰ^ 4.0 # 15.  # 1.4 #^ 
5.0 CSS . 4 b .28  ^ 1.5 ϰ^ .6 ^ 17.  bA ϰ#^ 7. bc  ϰ^ 17.1 ϰ#^ 17 1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5  0.27 A ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 1 .7 bA ϰ 18.9 ϰ#^ 8 ϰ#^ 1.8 b #^ .7 c  #^ 
0.0 CSS 0.26 bB . 1 a #^ 1.6 ^ .7 ^ 17.0 bB ^ .0 aA  .7 ϰ#^ 15.6 #^ 2.5 aA ^ .8 a  ^ 
2.5 CSS 0.37 B # 0.44 A # 1.6 ^ .6 ^ 20.5 A ϰ 5.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3.44 NS 2.4  NS 0.8  NS 20.97 * 
CSS rates  37. 9 ** 4.5  * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit  _ ______________________________ 
Low 0– .2  .2 0–4 0 1.2 0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.6  >0.8 >12 >5.0 >1.2 
*, **  NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, a d ot signi ica t, res ctively. Significant diff re ces (p ≤ 0.05; T key test) bet e  CSS rates (lowercase 
lett rs) r applic tion method  (upp rcas  le ters) ar i dica d by diff re t letters after means within the same colu n. Sig ificant differe ces (p ≤ 0.05; Du nett 
tes ) a ong the treat e ts are i dica ed by diff rent symbols (ϰ, #) af er the mea s within the same colu . Significant differences (p ≤ 0.05; T key test) am ng the 
a m nt  for differ nt exp riment l s asons (I vs. II) are indicated by the pres nc  of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl 3. il mi ronutri t c r ti (mg kg−3) aft r two co secu ive experime tal seasons f soybe  cultiva ion accordi g to applicati method (AM: WA = 
whol  a ea; BR = betw n rows) a d treat e s (control, conv ntion l fertiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
W  A  WA BR W  BR W  BR 
________________________ I experimental season ________________________  
Control . 0 ϰ .1 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.  #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .28 cB ^ 0. 1  ^ 2.4 bcB ϰ^ .6    7 a  ϰ^ 8.6 B  32.4 ab   .0 A ϰ 1.2  ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 25 1 ϰ 9.1 A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 A ^ .4 B ϰ^ 2.6 aA 1 ϰ^    6.7 B  3 .9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0 45 bA 2.6 abA ^ 2.5 ab  ^ 2 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.5   6.44 ** 12.51 ** 5.4  ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________ II experimental season ________________________ 
Control ,19 ϰ .  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 4.0 # 5.1 #^ 1.4  
5 0  0.24 A ϰ^ 0.28 b  ^ 1.5  .  .3   7.7 c  ^ .1  17.1  1.2 cB  .5 A #^ 
7 5 CSS . 7b  0.31 bA 1.4 ϰ^ .6 1 . A  8.7 b ϰ 8.9 18.7 ϰ#^ 1.8 bA #^ .  c #^ 
0 0  .26 ^ . 1  #^ . .7 17.0 bB ϰ#^ 3.0 A ^ 16.7 ϰ .6  2.5 a  ^ 2.8 aA ^
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.  A ϰ 5 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 
CSS rates 37.49 ** 4.59 * 4.55  13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) .0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________ 
Low 0. .2 0–4 0–1.2 –0.  
Medium 0.21 0.60 .3 0.8 5–12 1.3–5.  .6–1.2 
High 0.60 0.8 >12 >5.0 >1.2 
*, **  NS—indicate sig if cance at p ≤ 0.05, p ≤ 0.01, an  ot significa t, res ctively. i ifica t iffer ces (p ≤ 0.05; T key test) b twee  CSS rates (lowercase 
let rs) or pplication etho  (uppercas ) ar  indica d by di ent letters after means with n the same olumn. Si ificant differences (p ≤ 0.05; Dunnett 
tes ) a g th treat s are indicated by iff rent symb ls (ϰ, #) af er the mea s wi hin the same lu . Sig ificant differences (p ≤ 0.05; T key test) among the 
treatm nts fo  different xp rimental s aso (I vs. II) are indicated by the p ese ce of the c r t symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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T bl 3  S il micronu ri nt c nc r ti  (mg kg−3) after tw  co s cutiv  experime tal seasons of s y ea  cultivation ac ording to application method (AM: WA = 
who  area; BR = betw e r ws) and eatme  (c trol, c ventio l fertiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis)  
Treatment  
B u Fe Mn Zn 
WA BR BR WA BR WA BR WA BR 
 _________________________ I experimental season _________________________  
Control 0 ϰ  2 ϰ^ 34.8 ϰ  .  ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  . 8 cB ^ 0. 1 bA ^ 2.4 bcB ^ .6 aA ^ 4   ϰ^ 8.6  32.4 ab   .0  ϰ 1.2 A ^ 
.5 CSS .43 aA  0.31 cB 7 .2 bB ϰ 5 1 ϰ 9.  A 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA .4 a B .  ^ 1 ϰ^    6.7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a 0.45 bA 2.6 a ^ 2.5 bA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0. 2 NS 3. 7 * 2.63 NS .   
(AM) × (CSS) 59.71 * 8.51 ** 6.44 ** 2.51 ** 5.43 ** 
CV (%) 8.4 6 3 9.7 6.2 24.8 
_________________________ II experimental season _________________________ 
Control , 9 ϰ  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ^ 4.0 # 5.1 #^ 1.4  
5.0  0.24  ϰ^ 0.28 bA .5  .   7.3   17.7bc  ^ .1  7.1  1.2 cB  .5   
7.5 CSS bA  0.31 bA 1 4 ϰ^ .6 . A  18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ .7 c #^ 
0.0 2  ^ 0. 1 #^ .   .7 17.0 bB ϰ#^ 23.0 A ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ 0.44 # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est  
AM 4 .76  3. 4 NS 2.45 NS 0.85 NS 20.97  
CSS rates  7.49 * 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8 0 8.2 9.8 14.6 
 __ __ __ __ _____ __ _ __ __ __  Interpretation limit 1 _________________________ 
Low 0–0.2 0–0.2 0–4 0–1.2 0–0.5 
Medium 0 21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS— nd c te sig ificance at p ≤ 0.05, p ≤ 0.01, n not sig ificant, r sp ctiv ly. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
le t rs) or pplication meth s (uppercas  lett rs) are indicat d by t lett rs after me s within th  sam  colum . Sig ificant differences (p ≤ 0.05; Du nett 
tes ) o g the treatments are indica d by iff re t symb ls (ϰ, #) af er the me s withi  th  sam  colu . Significant differenc s (p ≤ 0.05; T key test) among the 
tr a m nt  for different exp rimental s aso s (I vs. II) ar  ind ca ed by prese c of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. S il micr nu r ent conce tr i (mg kg−3) af er two cons cutive exper me tal seasons f s y ea  cultivation ac ordi g to application method (AM: WA = 
wh  area; BR = betwee r ws) and e t ent  (c trol, c vention l fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR BR WA BR W BR W  BR 
 _________ ____________  I experimental season _________________________  
Control 0 20 ϰ 2 1 ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ 0.41 bA ^ 2.4 bcB ^ .6 aA ^ 24 aAϰ^ 2  ϰ^ 28.6  #^ 32.4 abA ϰ#^ 1.0 b  ϰ 1.2 aA ^ 
.5 CSS 0 43 a ^ 0.31 cB 7 .2 bB ϰ 25 aAϰ^ 21 A ϰ 29.  A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ  
10 0 CSS 0.35 bB ^ 0.64 A 2.4 B ϰ^ .6 ^ 21 aAϰ^ 27 a  ϰ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ  
1 5 CS  0 43 aA ^ 0.45 bA 2.6 ^ 2.5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 * 0. 2 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 * 8.5 ** 6.44 ** 12.51 ** 5.4  ** 
CV (%) 8.4 6 3 9.7 6.2 24.8 
________ ______________  II experimental season _________________________ 
Control 0, 9 ϰ 3 ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4.0 # 5.1 #  1.4 #^ 
5.0 CSS 0.24 A ϰ^ 0.28 bA 1.5 ϰ^ .6 ^ 17.  bA ϰ#^ 17.7bcA ϰ^ .1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0 2 b ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0 2  B ^ 0 41 #^ 1.6 ^ .7 ^ 17.0 bB ϰ ^ 23.0 aA ^ 1 .7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-tes   
AM 4 .76 * 3. 4 NS .45 NS 0.85 NS 20.97 ** 
CSS rates  7.49 * 4.59  4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8 0 8.2 9.8 14.6 
 _ _ _ ____ Interpretation limit 1 _________________________ 
Low 0–0.2 –0.2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—in c te sig ificance at p ≤ 0.05, p ≤ 0.01, d ot ignificant, r spec iv ly. Significant differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
le ers) or applica i th s (uppercas  le t rs) are indicated by t letters after me s within th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
tes ) mo g the tre tm n s are ndicated by iff re t symb ls (ϰ, #) after the me s withi  the sa colu n. Sig ificant differenc s (p ≤ 0.05; Tukey test) am ng the 
treatments fo diff rent exp m tal seaso s (I v . II) ar  ind ca ed by pr se ce of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. S il mi r utr e t co cen r io (mg kg−3) after tw  co secutiv  experime al seasons f soy ea  cultivation accordi g to application method (AM: WA = 
wh l  rea; BR = b we r ws) and e tments (co t ol conve tio al fertilization (CF), a d CSS incre sing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF .26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  8 cB ^ 0. 1 bA ^ 2.4 bcB 2.6 aA ^ 4  7 a ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2. ^ .2 bB ϰ 5  1 b  ϰ 9.1 A ^ 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 5 bB 0.64 aA ^ .4 B 2.  aA ^ 1 ϰ^   6.7 B 35.9 a  2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 a  ^ 0.45 bA 2.6 abA 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3. 7 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** .51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 ϰ  0 28 bA ^ .5  .  .3   7.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA ^ 0.31 bA 1.4 ϰ^ .  .  A  18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0 0 . 6 b  . 1 a  .   .7  17.0 bB ϰ#^ 23.0 A ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 aB 0.44  # 1.6 ^ 1.6  20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76  3.44 NS .45 NS 0.85 NS 20.97  
CSS rates 37.4  ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________ ___________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  –0.2 0–4 0–1.2 0–0.5
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— n icate sig ifica ce at p ≤ 0.05, p ≤ 0.01,  ot sig ifican , r spectively. Significant diff rences (p ≤ 0.05; Tukey te t) b twee  CSS rates (lowercase 
letters) or applica i  thods (u ercase l tt rs) are in icat d by di f e t lett rs after mea s within th sam  olumn. Significant differences (p ≤ 0.05; Dunnett 
t st) o g the tre t nts ar  indica d by diff r nt symb ls (ϰ, #) after the mea s wi hi th  sa  olu n. Significant differences (p ≤ 0.05; T key test) am ng the 
tr atme  fo differ nt experim tal seaso s (I vs II) ar indicated by prese c of the car t symbol (^) after the means within the same co umn. 1 Raij et al. [35]. 
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Table 3. oil micr u r en c centr i n (mg kg−3) af er two c s cutiv experi e tal seasons of s ybea  cultivation ac ordi g to application method (AM: WA = 
wh l  r a; BR = betwe n r ws) and t ents (c t ol, conventio al fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR W  BR 
 I experimental season _________________________  
Control 0. 0 ϰ .1  2 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0 28 c . 1 bA ^ 2.4 bcB .6 aA ^ 4  7 a ^ 28.6 aB  32.4 ab  ϰ#^ 1.0  ϰ 1.2 aA  
7.5  .43 a  ^ 0.31 cB 2.  a  ^ .2 bB ϰ 5  21 bA ϰ 9.1 A ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8   
0.0 5 b  .64 a  ^ . B 2.  a  ^ 1 ^   26.7 aB 35.9 a  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0 3  ^ 0.45 bA 2.6 abA  2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  .7  NS 19.73 ** 11. 2 * 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control 0,  ϰ .   7.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0  0.24 ϰ^ 0 28 b ^ .5  .3   7. bc  ^ 7.1  7.1  1.2 cB # .5   
.5  . 7 A 0.3  bA .4 ϰ^ 6  .  A ϰ#^ 18.7 b  ϰ 8.9  8.7 ϰ#^ 1.8 bA #^ 1.7 c  #^ 
0.0 0.  B . 1  .  .7  17.0 bB ϰ#^ 23.0 A ^ 6.7 ϰ#^ .6  2.5 a ^ .8 a  ^ 
12.  CSS 0 37 aB #^ 0.44  # 1.6 ^ 1.6 ^ 20.  aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76  3.44 NS .4  NS 0.85 NS 20.97  
CSS rates 37.4  * 4.59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low – 2  0–0.2 0–4 –1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indi ate s g ifica e a p ≤ 0.05, p ≤ 0.01, d ot sig ificant, respectiv ly. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
le ers) r app icatio  m t o s (u ercase l t rs) are indicated by different lett rs after me s within th  sam  column. Significant differences (p ≤ 0.05; Dunnett 
t t) mo g t  tre tments ar  nd ca d by iff rent symb ls (ϰ, #) after the e s within th  sa  column. Significant differenc s (p ≤ 0.05; T key test) among the 
treatmen f diff r nt experi ntal seaso s (I vs. II) ar  ind cated by presenc of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil micro utrie t co centratio  (mg kg−3 after two co secutive experime tal seasons f soybea  cultivation accordi g t pplicati method (AM: WA =
whole area; BR = between rows) and treatments (control, conventional fertilizatio (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B u Fe Mn Zn 
WA BR W BR W  BR W  BR WA BR
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .    ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 aAϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 ab  .0 b  ϰ 1.  aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 25 a  21 b  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 b  0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 A ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19 73 ** 11.6  ** 
CSS rates 35.9   0. 2 NS 3.27 * 2 63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental seas  ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  1.  ^ 7.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#^ 7.   .2 cB  .5   
7.5 CSS 0. 7bA 0.31 bA 1.4 ϰ^ 1.6 ^ .  A  18.7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b #^ 1.7 c  #^ 
0.0 .26 b ^ . 1 a #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 6 2.5 a  ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I terpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significa t, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application etho s (uppercase letters) are indicated by ifferent letters after means withi  the sa e column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treat e ts are indicated by different symbols (ϰ, #) after t e mea s within the sa e c lumn. Significant differences (p ≤ 0.05; T key test) among t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu rie t concentr ti n (mg kg−3) f er two co s cutive xp rime tal seasons of s y a  cultivation ac ordi g t applicatio meth d (AM: WA = 
whole area; BR = between rows) and eatmen s (c trol, conventional fertilizatio (CF), a d CSS increasing rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR
 _________________________ I experimental season _________________________  
Control . 0 ϰ .1  2 ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5.0 S  0. 8 c  ^ 0.41 b  ^ 2.  bc  ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ϰ^ 28.6 a  ϰ#^ 32.4 ab   .0   1.2 aA ^ 
7.  C S 0.43 a  ^ 0.31 cB 2.  A ^ 2 B ϰ 2 a  21 b  ϰ 29  a ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0  .35 B  0.64 aA ^ 2.4 B  2.6 aA ^ 1 ϰ^   6.7 B  35.9   .0 a  ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA .6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.6  ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** .51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental seas  _________________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6  
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .   1.  ^ 17.3  ϰ#^ 7.7bc   17.1 ϰ#^ 7.   1.2 cB  .5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ 1 .  A  18.7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^
0.0  .26 b  ^ . 1 a  #^ .  .7  17.0 bB ϰ#^ 23.0 aA 16.7 ϰ# 6 2.5 a  ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 N  20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ Interpretation limi 1 _________________________
Low –0.2  0– .2 0–4 0–1 2 – .5
Medium 0.21–0.60 .3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indic te significance at p ≤ 0.05, p ≤ 0.01, n not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
le ters) or application metho s (uppercase le ters) are indicate  by differe t letters after e ns within t e sa e colu n. Sig ificant differences (p ≤ 0.05; Dunnett 
test) among the treatments are in icated by ifferent symbols (ϰ, #) after the me s within t e sa e column. Significant differenc s (p ≤ 0.05; T key test) among the 
treatments for different experimental seaso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Ta l  3. il micro utri t c n ration (mg kg−3) ft r tw c secutiv  exp rime t l seasons of s yb n cultiv tion acc rdi g to ap licati method (AM: WA = 
whol  area; BR = betw en rows) a d treat ents (control, conv ntional fe tiliz tion (CF), and C S increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA BR WA BR WA BR W  BR W  BR 
 _____________ I experimental season ________________________________________________________________________  
Control .20 ϰ .1 ϰ  22 ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0.28 c   0.41 b ^ 2.4 bc  ϰ^ 2.6  ϰ^ 2 aA ϰ^ 28.6  ϰ#^ 32.4 ab   .0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 25 a  21  ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB ^ 0.6  ^ 2.4 abB ϰ 2.6 a  ^ 21 a ϰ^   6.7 B ϰ#^ 35.9 a   2.0 aA ^ 1.1 B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^  a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 1 .73 ** 11.62 **
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.5  ** 6.44 ** 12.51 ** 5.4  **
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ 1.  ϰ^ 17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 1 .0 # 15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 b  ^ .5  1.  ^ 7.3  ϰ#^ 17.7  ϰ^ 1 .1 ϰ#^ 7.1  1.2 cB  1.5 A  
7.5 CSS 0. 7bA ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0 A  8.7 b  ϰ 8.9 #^ 18.7 ϰ#^ 1.8 b  #  1.  cA #
0 0  .26 b ^ 0.41 # . .  17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ#  .6  2.5 a  ^ 2.8 aA ^ 
12 5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 20.  A ϰ 15 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t st  
AM 48.76  .4  NS 2.45 NS 0.85 NS 20.97 
CSS rates 37.49 ** 4.5   4.55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
___________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0–0.2 0 4 0–1.2 0–0.  
Medium 0.21– .60 .3– .8 5–  1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a  NS—indicate significance at p ≤ 0.05, p ≤ 0.01, a  not sig ica t, resp c ively. i ifica t iffer ces (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
lett rs) or pplication et ods (uppercas ) ar  i dicated by different l tters after eans with  t e same column. Si ificant differences (p ≤ 0.05; Du nett 
tes ) a g th  treat e ts are indicated by different s mb ls (ϰ, #) af er t e means with n the same c lu . Sig ificant differenc s (p ≤ 0.05; T key test) among the 
treatm nts for different exp rimental season  (I vs. II) are indicated by the p esence of the caret symbol (^) fter the means within the same column. 1 Raij et al. [35]. 
 
ˆ 39 aA
Agronomy 2020, 10, x   9 of 20 
Agron my 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.c /journal/agronomy 
Tabl  3. S il mi ronu ri t conce trati n ( g kg−3 af er two co secutive exp rime ta  seasons of ybean cultivation accordi g to applicati  method (AM: WA = 
whole a ea; BR = betw rows) and e tments (c trol, co v ional fe tiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA  WA BR WA BR WA BR 
 I experimental season ________________________________________________________________________  
Control 0 ϰ 1  2  ϰ^ 34.8 ϰ^ .5 
CF .26 #^ 3   25.6 #  0.6 ϰ^ 
5.0 S  0.28 c  ^ 0. 1  ^ 2.4 bcB ϰ^ 2.6 a ^ 24 a ϰ^ 7 a ϰ^ 28.6 aB ϰ#^ 32.4 ab  ϰ#^ 1.0 b  ϰ 1.2 a  ^ 
7.5 CS  0.43  ^ 0.3  cB 2.7 a  ^ 2.2 bB ϰ 25 aAϰ^ 21 b ϰ 9.1 a  ϰ#^ 29.2 bc  ϰ#^ 1 3 b  ^ 0.8 a  ϰ^ 
10.0 SS .35 B ^ 0.6   ^ .4 abB ϰ^ .6 21 aAϰ^ 27  ϰ^ 6.7 B ϰ#^ 35.9 a  ϰ#^ 2 0 aA ^ 1.  B ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F- est  
AM 50.48 ** 0.30 NS 3.77 NS 19.7  ** 11.62 ** 
CSS rates 35.91 ** 0 2 NS 3.27  2 63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8 51 6.44 ** 1 .51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .3 ϰ  17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF .42 #^ .3 ϰ .0 # 15.1 #^ .4 #^ 
5.0 S 0.24 bA ϰ^ 0.28 ^ 1.5 ϰ^ 1.6 ^ 17.3 b  ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ .2 cB # 1.5 cA #^ 
7 5 CSS 0.27bA ^ 0.31 b  1.4 ϰ^ 1. ^ 17.0 bA ϰ#^ 18.7 b ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #  1.7 cA #^ 
10.0 SS .26 b  ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 6.7 ϰ  15.6 #^ 2.5 a ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t st  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates 37. 9  4.5   4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0 29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interp tation limit 1 ________________________________________________________________________ 
Low 0 0 2 0 4 0–1.2 –0.  
M dium 0.21– .60 3 0 8 5–  1.3–5.0 0.6–1.2 
High 0 60 0 8 >12 >5.0 >1.2 
*, ** a  NS—indicate sig if cance at p ≤ 0.05, p ≤ 0.01, ot sig ifica t, r sp c ively. Significant ifferences (p ≤ 0.05; Tukey test) b tween CSS rates (lowercase 
letters) or pplicatio  thods (uppercas  le t rs) are i d cated by dif rent letters after means withi  t e same olumn. Significant differences (p ≤ 0.05; Du ett 
t s ) a o g the trea ts are indicated by ifferent symbols (ϰ, #) fter th  me ns wi hin the same lu n. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments fo  different xp rimental seaso s (I vs. II) are indicated by prese c of the car t symbol (^) fter the me ns within the sam  co umn 1 Raij et al. [35]. 
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Tabl  3. S il micr nu rient conce tra ( g kg−3) after tw co s cutiv  experime tal seasons f s y a  cultiv tion ac ording to application method (AM: WA = 
who e area; BR = betw e row ) and tre tment  (c trol, c vention l fertiliz ion (CF), and CSS incre ing rates—Mg ha−1 on a wet basis)  
Treatment  
Cu Fe Mn Zn 
WA BR BR WA BR W  BR W  BR 
 _________________________________________ I experimental season __________________________  
Control 0 ϰ 1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8 cB ^ 0.41 b ^ 2.4 bcB ^ .6 a  ^ 4  7  ϰ^ 8 6  ϰ  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA 0.31 cB 7 .2 bB ϰ 5  1  ϰ 9 A  29.2 bc  ϰ#^ 1.3 b   0.8  ^ 
0.0  . 5 bB  0.64 A .4 B ϰ^ .6  ^ 1 ϰ^   6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 a ^ 0.45 bA 2.6 ^ 2.5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30 3.77 NS 19.73 ** 11.62 **
CSS rates 35.9  . 2 NS 3 27 * 2.63 NS .16  
(AM) × (CSS) 59.71 * 8.5  ** 6.44 ** 12.51 ** 5.4  **
CV (%) 8.4 6 3 9.7 6.2 24.8 
__________________________________________  II experimental season __________________________ 
Control , 9 ϰ  17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #  1.4 #^ 
5.0 0.24 A ϰ^ 0.28 bA .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS bA 0.31 bA 1.4 ϰ^ .6  . A #  18.7 b ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  ^ 0 1  #^   .7 17.0 B ϰ#^ 23.0 aA ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 4 .76  3. 4 NS .45 NS 0.85 NS 20.97  
CSS rates  7.49 * 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8 0 8.2 9.8 14.6 
 Interpretatio  lim t 1 __________________________ 
Low 0–0.2  –0.2 0–4 0–1.2 0–0.5 
Medium 0 21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—i d c e sig ificance at p ≤ 0.05,  ≤ 0.01, an  not significant, r spectiv ly. Significant differenc s (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
letters) or applica io t ods (up rcas  letters) are i dicat d by t letters after me s within the same colum . Sig ificant differences (p ≤ 0.05; Du nett 
es ) among the t atments are ndicated y iffere  symb ls (ϰ, #) after the me s withi  the same colu n. Sig ifican  differenc s (p ≤ 0.05; T key test) am ng the 
treatments for different exp m ntal seasons (I vs. II) ar  ind ca ed y the p se ce of the caret symbol (^) after the me ns within the s me column. 1 Raij et al. [35]. 
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Table 3. Soil mi r utrie t co centr i (m kg−3) after tw  consecutive exper me tal seasons f y ea  cultivation accordi g to application method (AM: WA = 
wh l  area; BR = betwe r ws) a d e tments (co t ol, conventional fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
______  I experimental season __________________________________________________  
Control . 0 ϰ .1 2 ϰ^ 34.8 ϰ  .5 ϰ 
F .26 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0. 8 c ^ 0. 1 b  ^ 2.4 bc  ϰ^ .6 a  ^ 24 a ϰ^ 27 a ϰ^ 28.6  ϰ#  32.4 ab   .0  ϰ 1.2 aA ^ 
7.5 CSS 0 43 a  ^ 0.31 cB .7 a ^ .2 B ϰ 25 a  21 b ϰ 29.1 #^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0 0 . 5 bB 0.64 aA ^ .4 B  2.6 aA ^ 1 ϰ^    6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0 43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3. 7 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 ** .51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______  II experimental season __________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 0.24 ϰ  0.28 b  .5  .6 ^ 17.3  ϰ#^ 7.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ .6 ^ .  A  18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 . 6 b  ^ 1 a  #^  .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a ^ 2.8 aA ^
12.5 CSS 0 37 aB #^ .44 A # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76  3.44 NS .45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___  In erp tation limit 1 __________________________________________________ 
Low 0–0.2  0– .2 0–4 0–1.2 0–0.5 
Medium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— n icate significance at p ≤ 0.05, ≤ 0.01, d ot significant, r spectively. Significa t differences (p ≤ 0.05; Tuk y test) b twee  CSS rates (lowercase 
letters) or applicati  thods (up ercas  l tters) are indicat d by d f ent letters after mea s withi  th same olumn. Sig ificant differences (p ≤ 0.05; Dunnett 
t st) o g the tr t ts are indica ed by iff rent symb ls (ϰ, #) after the m a s withi  the sa e olu n. Significant differences (p ≤ 0.05; T key test) among the 
tr atments fo differ nt exper me tal seaso s (I vs. II) ar indica ed by pr se ce of the car t symbol (^) after the me ns within the same co umn. 1 Raij et al. [35]. 
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Table 3. oil micr rie c centr ti n ( g kg−3) af er two co s cutive experi e tal seasons of s y ea  cultivation ac ordi g to application method (AM: WA = 
wh l  ar a; BR = between r ws) a d t ents (c t ol, conventio al fertilization (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR W  BR 
  I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
F 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 0 8 c ^ 0. 1 b  ^ 2 4 bc 2.6 a ^ 24 a ϰ^  a ϰ^ 28.6 a   32.4 ab   .0 A ϰ 1.2 aA ^ 
7 5  0.43 ^ 0.31 cB 2.   ^ .2 B ϰ 25 a ϰ  21 bA ϰ 9.1  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0 5 b 0.64 aA ^ .4 B 2.  aA ^ 1 ϰ^   6.7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 43 ^ 0.45 bA 2.6 abA  2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________ 
Control ,  ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 #^ 1.4 #^ 
5.0  0.24 ϰ^ 0 28 bA ^ 1.5  ^ 17.3   17.7bc  ^ 7.1 ϰ#^ 17.1  1.2 cB  .5   
7.5 SS .27bA 0.3  bA 1.4 ϰ^ 6 ^ .   18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 cA #^ 
0.0 .   . 1  .  .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 1.6 ^ 1.6  20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t t  
AM 48.76 *  3.44 NS .45 NS 0.85 NS 20.97 *  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________________ 
Low – .2 0– .2 0–4 0–1.2 0–0.5 
Medium .2 –0.6  0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind ate sig ifica e at p ≤ 0.05, p ≤ 0.01, ot sig ificant, r spectively. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
le ers) or app icatio  m tho s (u ercase l t rs) are in icated by differe t lett rs after m s within th  sam  column. Sig ificant differences (p ≤ 0.05; Dunnett 
t st) mo g t  tre t ents are indica d by iff rent symb ls (ϰ, #) after the m s withi  th  sa e colu n. Significant differenc s (p ≤ 0.05; T key test) among the 
treatment  fo differ nt expe i ental seaso s (I vs. II) ar  ind ca ed by prese c of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentrati  (mg kg−3 after two co secutive experime tal seasons f soybea  cultivati  accordi g t  applicati method (AM: WA =
whole area; BR = between rows) and treatments (control, conventional fertilizatio (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR W  BR W BR W BR W  BR
 ______________________________________________________________ I experimental seas  ________________________________________________________________________  
Control . 0 ϰ .    ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.2  #^ 2.3 ϰ^ 24 ϰ 2 .  #^ 0.6 ϰ^
5.0  .28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 Aϰ^ 7 aA ϰ^ 8.6   32.4 ab  .0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .  B ϰ 25 a  21 b  ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3   0.8   
0.0  .35 bB 0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA  1.1 B ϰ^ 
12.5 CS  0.43 aA ^ 0.45 bA 2.  bA ^ 2.5 ab  ^ 25 aAϰ 27 A ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA .3 aA 
F-test  
AM 5 .48 ** .30  3.77 NS 19 73 ** 1.62 ** 
CSS rates 35.9   0.42 NS 3 27 * 2 63 NS .16  
(A ) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.  
 ______________________________________________________________ II experimental seaso  ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   17.3  ϰ#^ 17.7bc  ^ 17.1 ϰ#  7.   1.2 cB  .5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A 18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b #^ 1.7 c #^
0.0 .26 b  ^ . 1 a #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 6 2.5 a  ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0– 5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significa t, res ectively. Significant differences (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letters) or application ethods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treat e ts are indicated by different symbols (ϰ, #) after the mea s within the sa e c lumn. Significant differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are ind ated by the p esence of the caret symb l (^) after the means w thin the same c lu n. 1 Raij et al. [35]. 
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Table 3. oil micronutri nt c tratio (mg kg−3) aft r two c secutive experime tal seasons f soybe cultivation acc rdi g t application method (AM: WA = 
whol  area; BR = between rows) and treatments (control, conv tion l fe tilization (CF), and CSS increasing rates—Mg ha−  on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA BR WA BR WA BR WA BR WA R 
 ______________________________________________________ I experimental season ______________________________________________________  
Control 0.2  ϰ 2.1 ϰ^ 2 ϰ^ 4.8 ϰ^ 0.5 ϰ 
F 0. 6 #^ 2.3 ϰ^ 4  25.6 #^ 0.6 ϰ  
5.0 CS  0.28 cB ^ 0.4  bA ^ 2.4 bcB ϰ^ 2.6 a  2  Aϰ^ 2   ϰ^ 28.6 a  ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1 2 aA ^
7.5 CS 0. 3 a ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 5 ϰ^ 2 ϰ 9.1 a ϰ#^ 29.2 bc  ϰ#^ 1.  bA ^ .8 aB ϰ  
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 bB ϰ^ 2.6 aA 21 ϰ^  a  ϰ^ 26.7 aB ϰ#^ 3 .  aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ
12.5  0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a  7 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1 4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12. 1 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________ II experimental season ______________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  .0 # 15.1 #  1.4 #  
5 0 CS  0.24 bA ϰ^ 0.28 bA  .5 .6 17.3 bA ϰ#^ 17 7 cA ϰ^ 1 .1 ϰ#^ 7.1 ϰ#^ 1.2 cB # .5 cA #^ 
7 5 CSS 0.27bA ^ 0.31 b  .4 ^ 1.6 17.0 b  ϰ#^ 8.7 bA ϰ 18.9 ϰ#  18.7 ϰ#^ 1.8 bA #^ 1.  cA #^ 
10 0 CSS 0.26 bB ^ 0.41 aA #  1.6 1.7 17.0 bB ϰ#^ 3.0 aA ^ 1 .7 ϰ  15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.  A ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates 37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________________  I t r r tat on limit 1 ______________________________________________________ 
Low 0–0.20 –0.2 0–4 0–1.2 –  
M dium 0.21–0.60 0.3– .8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and ot significant, res ectively. i ifica t iffer ces (p ≤ 0.05; T key test) between CSS rates (lowercase 
letters) or application etho s (uppercase ) ar indicated by diff rent l tters after mea s with n the same column. Si ificant differences (p ≤ 0.05; Dunnett 
test) am g the treat ents are indicated by different symb ls (ϰ, #) after the means within the same colum . Sig ificant differences (p ≤ 0.05; Tukey test) am ng the 
treatments for different ex eri ental se son  (I vs. II) are indicated by the p esence f the caret symbol (^) after the means within the same c lumn. 1 Raij et al. [35]. 
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Tabl  3. il icr u ri nt co c r tio  (mg kg−3) af er two co s cutive experime tal se sons f s yb a cultiv tion ac rdi g to application method (AM: WA = 
whole area; BR = betw en rows) and eatmen s (c trol, conv ional fertiliz tion (CF), a d CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
W  BR WA BR W BR W BR WA BR
 _________________________ I experimental season _________________________  
Control 0.2 ϰ .1  2 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^  ϰ 25.6 #^ .6 ϰ^ 
5.0  0.28 c  0.41 b  ^ 2.4 bc  ϰ^ 2.6 a   4 Aϰ^  aA ^ 28.6 a   32.4 abA ϰ#^ .0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 5 21 b   29.1 a  ϰ#^ 9.2 bcA ϰ#^ 1.  b  ^ 0.8 a   
0.0  .35 bB  .  a ^ .4 B ϰ^ 2.6 a   1 ^    26.7 aB  5.9 a  #^ 2.0 a  ^ 1.1 B ^ 
12.5 CSS 0.43 aA ^ 0. 5 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 2 .8 aA ϰ#^ 28.5 cA ϰ#^ 1.  bA .3 aA 
F-test  
AM 50.48 ** .30  .7  NS 19.73 ** 1 . 2 **
CSS rates 35.9   .42 NS 3 27 2.63 NS .16 
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 **
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control 0,19 ϰ .   7.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #  1.4  
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3  ϰ#^ 17. c  ^ 1 .1 ϰ  7.1  1.2 cB # .5  ^ 
7.5 CSS 0. 7 A  0.31 bA 1.4 ϰ^ 1.6 ^ . A ϰ#^ 18.7 b  ϰ 18.9 ^ 18.7 ϰ#^ 1.8 b #^ .  c #^ 
0.0  0.26 B  . 1  ^ .  .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ  .6 2.5 a ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretatio  lim t 1 _________________________ 
Low 0–0.20 – .2 0–4 0–1.2 0–  
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, d ot significant, resp ctively. i nifica t iffere ces (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
le t rs) or pplication ethods (uppercas  le ters) are i dicat d by different letters after me ns within t e same column. Si nificant differences (p ≤ 0.05; Du nett 
tes ) a g the treatments are indicated by diff rent symb ls (ϰ, #) af er the me s within the same colu . Sig ificant differenc s (p ≤ 0.05; T key test) am ng the 
treatm nts fo  different exp ri ental s aso s (I vs. II) are indicated by presence of the car t symbol (^) after the me ns within the s m  lumn 1 R ij et al. [35]. 
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T ble 3. Soil icronu ri nt conce tr ti  (mg kg−3) af er two cons cutive exper me tal seasons f s ybea cultivation ac ordi g t  applicati  method (AM: WA = 
who e area; BR = betwee  r ws) and eatmen  (c trol c vention l fertilization (CF), a d CSS incre ng rates—Mg ha− on a wet basis). 
Treatment  
B Cu Fe Mn Z  
W  BR BR W  BR WA BR WA BR 
 ______________________ _ I experimental season _________________________  
Control 0 0 ϰ 2 ^ 22 ϰ^ 34 8 ϰ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 SS 0.28 c ^ 0. 1 b ^ .4 bc ^ .6 a ^ 24 a ϰ^  A ^ 28.6 a  ϰ#^ 32.4 abA ϰ#^ 1.0  ϰ 1.  aA ^ 
7.5 C 0 4  a ^ 0.31 cB 7 a .2 B ϰ 5 a ϰ^ 21 ϰ 29.1 #^ 29. bcA ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10 0 SS 0.35 bB ^ .  a .4 B ϰ^ .   1 ^ 27 a  ϰ  26 7 #^ 5.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
1 .5 CS  0.43 aA ^ 0. 5 b  2.  2.5 b  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1 4 bA .3 aA 
F-test  
AM 50 48 * 0.30 NS .7  NS 9.73 ** 11. 2 * 
CSS rates 35 91 * . 2 NS 3.27  .63 NS 5.16 ** 
(A ) × (CSS) 59.71 * 8.51 ** 6.44 ** 2.51 ** 5. 3 ** 
V (%) 8.4 6 3 9.7 6.2 24.8 
_________________________ II experimental season _________________________ 
Control 0, 9 ϰ 3 ^ 17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4.0 # 5.1 #^ 1.4 #^ 
5.0 SS . 4  ϰ^ .28 A 1.5 ϰ^ .6 ^ 17.3  ϰ#^ 7. bc  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 C 0 27 A ^ 0.31 bA .4 ϰ^ .6 ^ .  A ϰ  18.7 b ϰ 8.9 ϰ#^ 8.7 ϰ#^ 1.8 b  #^ .7 c #^ 
10.0 SS 0 26 B  1 ^ 1 6 ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA .7 ϰ#^ 15.6 #^ 2.5 a ^ .8 ^ 
12.5 CSS 0.37 aB #^ .44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 4 .76 * 3. 4 NS 2.4  NS 0.8  NS 20.97 ** 
CSS rates  7.49 * 4.59  4.55 * 13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6. 6 ** 
CV (%) 9.0 8 0 8.2 9.8 14.6 
 ____ Interpretation limit 1 _________________________ 
Low 0–0.20 0– .2 0–4 0 1.2 0 0.  
Medium 0 21– .60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—ind c te significance at p ≤ 0.05, p ≤ 0.01, d not significant, respectiv ly. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) r application etho s (uppercas  le ters) are indicated by t letters after me s within th  same column. Significant differences (p ≤ 0.05; Du nett 
tes ) mo g the treat e ts are indicated by iffere t symb ls (ϰ, #) after the me s within the same c lum . Sig ificant differenc s (p ≤ 0.05; T key test) among the 
treatment  for different exp ri ental seas s (I vs. II) are ind ca ed by prese ce of the car t symbol (^) after the means within the sam  c lumn 1 Raij et al. [35]. 
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Tabl  3. S il icr n rient conce tr tio  (mg kg−3) af er two co s cutive exper me tal seasons f s y a  cultiv tion ac ording to application method (AM: WA = 
wh le area; BR = betwee  rows) a d e tments (c t ol, conventional fertiliz tion (CF), a d CSS incre ng rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR W  BR W  BR W BR W BR 
 I experimental season _________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 5.6 #^ .6 ϰ^ 
5.0 0.28 c ^ 0.41 b ^ 2.4 bc  ^ .6 a ^ 24 a ϰ^ 27 aA ϰ^ 28.6  ϰ#^ 32.4 ab   .0  ϰ 1.2 a  ^ 
7.5 CSS 0 43 a  ^ .31 cB .7 .2 B ϰ 25 a  21  ϰ 29.  ϰ#^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0  .3 bB 0.64 aA .  B ϰ^ .6  ^ 1 ϰ^    6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CS  0.43 a  ^ .45 b 2.6 bA ^ 2.5 ab  ^ 5 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 1 .62 **
CSS rates 35.9   . 2 NS 3 27 * 2.63 NS .16 
(A ) × (CSS) 59.71 ** 8.51 ** 6.44 ** 2.51 ** 5.43 **
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________________ II experimental season _________________________ 
Control , 9 ϰ .   17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #  1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA .5  .  ^ 17.3  ϰ ^ 17.7bc  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0.27bA 0.31 A 1.4 ϰ^ .6 ^ .  bA  18.7 b  ϰ .9  18.7 ϰ#^ 1.8 b #^ .7 c  #^ 
0.0 .2  ^ 0 1 #^   .7 17.0 B ϰ#^ 23.0 aA ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ .44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3. 4 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59  4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________________________ I terpre at on limit 1 _________________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind c te sig ificance at p ≤ 0.05, p ≤ 0.01, ot significant, r spectively. Significant differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
le ters) or applica io thods (uppercas  l t rs) are i dicated by d fferent letters after me s within th same column. Sig ificant differe ces (p ≤ 0.05; Du nett 
t st) mong the treatments are ndicated by different sy b ls (ϰ, #) after the m s withi  the same colu n. Sig ificant differenc s (p ≤ 0.05; T key test) am ng the 
treatments for diffe ent exp ntal seaso s (I vs. II) ar  indica ed by pr se ce of the car t symbol (^) after the me ns within the s m  column 1 Raij et al. [35]. 
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Table 3. oil icr u r e  c centra i n ( g kg−3) af er two co secutiv  experime tal seasons of soybean cultivation accordi g to application method (AM: WA = 
wh le area; BR = b we n r ws) and t tments (co trol, conventio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
W  BR WA BR WA BR WA BR WA BR 
 I experimental season _________________________________________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5  
F 0.26 #^ 2.3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 CSS . 8 cB ^ 0. 1 b  ^ 2. bc  ^ 2.6 aA ^ 4 ^ 27 aA ϰ^ 28.6 a  ϰ# 32.4 ab   .0 A ϰ 1.2 a  ^ 
7 5 CSS 0. 3 a  ^ 0.31 cB 2.7 a  ^ .2 bB ϰ 25 a  21 b ϰ 29.1 a  ϰ# 9.2 bc  ϰ#^ 1.3 b   0.8   
.0 .    0.6 aA ^ 2.  abB . aA ^ 1 a ϰ^   6.7 B ϰ# 5.9 a   2.0 aA ^ 1.1 aB ϰ^ 
2.5 43 a 0.45 bA 2.6 ab  ^ 2.5 abA ^ 5 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9  0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12. 1 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season _________________________________________________ 
Control ,  ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 C  0.24  ϰ^ 0.28 bA ^ .5 .  17.3 A ϰ#^ 17.7bc  ϰ^ 17.1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0.27bA ^ 0.3 bA 1 4 ϰ^ 1.6 ^ 17.0 A  18.7 b  ϰ 8.9 18.7 ϰ#^ 1.8 b  #  1.7 cA #  
0.0 . 0.41 #^ .   .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ# 6  2.5 a  ^ 2.8 aA ^ 
12.  CSS 0.37 B #^ 0.44 # 1.6 ^ 1.6 ^ 20.  aA ϰ 15.7 cB ϰ#^ 1 .1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS .45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.5  * 4.55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
_________________________________________________ Interpretatio  limit 1 _________________________________________________ 
Low 0–0.2  0–0.2 0 4 0–1.2 0–0.5 
M dium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in icate sig ifica c a p ≤ 0.05, p ≤ 0.01, a d ot ig ificant, respe ively. Significant diff rences (p ≤ 0.05; Tukey te t) betwee  CSS rates (lowercase 
letters) or applicatio  m ods (u ercase lett rs) re in icated by differe t lett rs after mea s wi hi  th  sam  column. Sig ificant differences (p ≤ 0.05; Dunnett 
t st) mo g t e treatm n s ar ndica d by iffer nt symbols (ϰ, #) after he eans within th sa  column. Significant differences (p ≤ 0.05; T key test) among the 




M 4.63 ** .0 N 9.11 ** 46 30.36 **
CSS rates .16 ** 2.93 NS .24 NS 11.46 ** 4.86 **
(AM) × (CSS) 1.52 NS 2.07 NS 8.86 ** 3.12 * 3.26 *
CV (%) 6.6 7.2 14.2 4.9 4.6
SCR 1 21–55 10–30 50–350 20–100 20–50
*, ** and NS—indicate significanc at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respectively. ignificant differences (p ≤ 0.05; Tukey t s ) among the CSS rat s (low case lett r ) or between the
application methods (uppercase letters) are indicat d by different letters after means within the same colu n. Significant difference (p ≤ 0.05; Dunnett test) among the treat ts are
indicated by different symbols (
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental se sons of soybe n cultivation according to application method ( M: WA =
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and C S increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR W  BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF .26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 B ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 A ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 ab ϰ#^ 1.  bA ϰ 1.  aA ^
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 A ϰ 29.1 a  ϰ#^ 29.  bc  ϰ#^ 1.3 b  ^ 0.8 B ϰ^
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 A ^ 21 aAϰ^ 27 a  ϰ^ 6 7 B ϰ#^ 3 .9  ϰ#^ 2.0 aA ^ 1.1 B ϰ^
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 a  ^ 2.5 abA  25 aAϰ 7 a  ϰ^ 2 8 aA ϰ#^ 28.5 c  ϰ#^ 1.4 bA .3 aA
F-tes  
AM 50.48 ** 0.30 N  3. 7 NS 1 .73 ** 1.6  ** 
CSS rates 35.91 ** 0.42 NS .2  * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.4  ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7 cA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 16.7 ϰ ^ 15.6 #^ 2.5 A ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
, #) after the means within the s me column. Significant differences (p ≤ . 5; Tukey test) among the treatments for different experimental seasons (I vs. II)
are indicated by the pres c of t e car t sy bol (ˆ) fter the me s wi in the m column. SCR = suitabl conc n ra ion ran e. 1 m rosano e al. [3 ].
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Table 6. Equation, with relative R2 coefficient, best describing B, Cu, Fe, Mn, and Zn (mg kg−1) behavior
as a function of micronutrient concentration (in leaves after two years of soybean cultivation) vs. CSS
application rates.
Nutrient Equation (WA) R2 Equation (BR) R2
__________________________________________ I experimental season _______________________________________________
B ŷ = 49 NS ŷ = 47 NS
Cu ŷ = 10 NS ŷ = 10 NS
Fe ŷ = 100.275 + 3.490x 0.69 ** ŷ = 134 NS
Mn ŷ = 63 NS ŷ = 101.810 − 9.825x − 0.570x2 0.99 **
Zn ŷ = 83.86 − 7.245x + 20.450x2 0.83 ** ŷ = 53 NS
____________________________________________ II experimental season ____________________________________________
B ŷ = 33.9 NS ŷ = 25.385 + 0.443x 0.75 *
Cu ŷ = 5 NS ŷ = 5 NS
Fe ŷ = −20.362 + 14.660x − 0.804x2 0.74 ** ŷ = 34 NS
Mn ŷ = 36 NS ŷ = 12.104 + 5.109x − 0.242x2 0.99 **
Zn ŷ = 28.447 + 0.436x 0.64 ** ŷ = 32 NS
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. WA = whole area;
BR = between rows.
It was found that in most treatments, CSS application in WA and BR did not lead to a significant
increase in soybean leaf micronutrient concentrations, relative to the control and CF, regardless
of CSS rate (Table 5). This was true for both experimental seasons. By comparing experimental
season one to two, we observed that all leaf micronutrient concentrations showed a significant
time-dependent decrease.
Comparing the observed micronutrient concentrations in soybean leaves to the range of
concentrations judged as adequate to avoid plant micronutrient deficiencies (under range) or toxicities
(over range), we observed that [37]: (i) Zn concentration was slightly over the maximum limit
during the first experimental season, but within the optimal range during II experimental season;
(ii) Mn concentration was within the optimal range for both experimental seasons; (iii) B, Cu, and Fe
concentrations were within the optimal range during the first experimental season, but were slightly
under the suitable concentrations during the second experimental season. Higher Zn concentration
during the first experimental season or lower B, Cu, and Fe contents in leaves in the second experimental
season did not cause visual concerns related to toxicity or deficiency. During both experimental seasons,
no visual symptoms of toxicity or deficiency for these micronutrients were observed.
Overall, there were only a few CSS methods by rate interactions on leaf micronutrient concentration
observed. Most of the investigated micronutrients were within the adequate ranges, indicating that
soybean leaves were not negatively impacted, even at the highest CSS rates. When CSS was applied,
micronutrient concentrations in soybean were: (i) over the minimum adequate ranges, thus avoiding
micronutrient deficiencies; (ii) mostly under the maximum critical range and, in all the investigated
cases, no toxicity issues were observed. Since we did not observe a significant difference between WA
and BR methods for both crops, we recommend WA method, as it is less expensive and time-consuming
to implement.
3.2.2. Plant Development, Productivity, and Crop Yield
We observed an interaction between CSS application method and rate on NPP, NGP, and crop
yield, during the first experimental season only; no interactions were observed during the second
experimental season (Table 7). During the first experimental season, increasing CSS rate with the
WA method promoted a negative quadratic adjustment for NPP and NGP, while soybean crop yield
linearly increased. When CSS was applied with the BR method, a positive quadratic adjustment was
observed on NPP, while there was a linear increase in NGP (Table 8).
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Table 7. Effects of treatments on selected soybean plant/crop parameters and yield.
Treatment
PH HFP NPP NGP SW FPP Yield
WA BR WA BR WA BR WA BR WA BR WA BR WA BR
___________________ cm __________________ _______ g _______ 1000 plants per ha _______ kg ha−1 ________
_________________________________________________________________________ I experimental season ___________________________________________________________________________________
Control 121
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation ac ording to applicati  method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season _________ __ __ __ __ __ __ ______________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
12.8
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www. dpi.com/journal/agronomy 
Table 3. Soil micronutrient concentrati  (mg kg−3) after two consecutive experimental s s s of soybean cultivation according to application meth d (AM: WA = 
whole area; BR = between rows) and tr a ments (control, conventional fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____ _ __ _ __ _ __ __ _  I experimental season _____________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ 1 b   29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ 27  ^ 6.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29 8 a ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 7 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________  II experimental season _____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ ^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ  18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________________________ Interpretation limit 1 _____________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differ nces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l ters) or a plication methods (uppercase letters) are indicated by different letters after means withi  the same column. Significant diff rences (p ≤ 0.05; Dunnett 
test) among th  treatments are indicated by different symbols (ϰ, #) after the means withi  the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental se sons (I vs. II) are indicated by he presence of the car t symbol (^) after th  means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrient conc ntration (mg kg−3) after two consecutive experimental seasons f soybean cultivat o  according to application method (AM: WA = 
whole area; BR = be w en rows) nd treatme ts (control, c ventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
A BR WA  BR WA BR WA BR 
 _ _ _ _ _  I experimental season ___________________ __ __ ______  
Control 0.20 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2 3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ .4 bcB ϰ^ .6 a ^ 4 a ϰ^ 7 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB 2.7 aA ^ 2.2 B  25 a ϰ 1 bA ϰ 29.  aA ϰ# 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
1 0 CSS 0.35 bB  0.64 aA ^ .4 abB ϰ^ .6 a  ^ 1 a ϰ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA .6 bA ^ 2.  bA 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.  ** 6.44 * 12.51 * 5.43 ** 
CV (%) 8.4 6.3 9.7 6 2 24.8 
  II experimental season __________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF .42 #^ 3 ϰ^ 1 .0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ .5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ 17 1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17 0 ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
.0 CSS 0.2  bB ^ .41 aA #^ 1.6 ^ 1 7 ^ 17 0 bB ϰ#^ 23.0 aA  16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # .6 ^ 1 6 ^ 20.5 a  ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3. 4  2.45 NS .85 NS 20.97 ** 
CSS rates  37.49 ** . 9 4.55 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .0 8.2 9 8 14.6 
 __________________________________ Interpretation limit 1 __________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 5–1 1.3–5.0 0.6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** and NS—i dicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectiv ly. Significant diff rences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercas lett rs) are indicated by differe t letters after means within the s me column. Significant differ nces (p ≤ 0.05; Dunnett 
test) among the reatments are indicated by di f ent symbols (ϰ, #) af er the means within the s me column. Sig ificant diff rences (p ≤ 0.05; Tukey test) among the 
treatments for iffer t experim ntal seasons (I vs. II) are i dicated by the presence of he caret sy bol (^) af er the means within th  s me column. 1 Raij et al. [35]. 
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Table 3. Soil micronutr ent concentration (mg kg−3) after tw consecutive experiment l s asons of soybean cult vati  according to application method (AM: WA = 
wh le area; BR = b tween ows) nd treatments (co trol, conventional fertiliz t on (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ _ I experimental season _ __ ________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS .27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
_________ II experimental season ________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________________________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ific c  at p ≤ 0.05, p ≤ 0.01, and ot , resp c ively. Significant diff renc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
lett rs) or application methods (upp rcas  letters) are i di d by different lett r  after mea s within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
est) a o g the treatm n s are indicated by different symbols (ϰ, #) after the m a s with n t sam  column. Significant diff rences (p ≤ 0.05; Tukey test) among the 
treat ts for diff rent experim tal s asons (I v . II) are indicated by the presence of t e caret ymbol (^) after the means within the same column. 1 Raij et al. [35]. 
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T ble 3. Soil micronutrient conce tr tion (mg kg−3) after tw  consecutive xperimental s asons of soybean cult v according to application method (AM: WA = 
whole area; BR = b tween rows) a d treatments ( ontrol, conventional fertiliz tion (CF), and CSS increasing r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________ _ _ _ _  I experimental season _______________________________________________________ __ __ _________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB  0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 A  0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS .27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b  ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS—indicate sig ificance a  p ≤ 0.05, p ≤ 0.01, a d not si ifi t, espectiv ly. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letter ) or applicati n e hods (upp cas  l tt ) ar  ndica d by different lett r  a t  means w thin the same column. Significant differences (p ≤ 0.05; Dunnett 
est) a ong he treatm nts are indicated by differen  symbols (ϰ, #) after the means w thin the sam  colu n. Significant diff rences (p ≤ 0.05; Tukey test) among the 
tr atments for diff ren  experim tal asons (I v . II) are indicated by the presence of caret ymbol (^) after the means within he same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrient concentr ti  (mg kg−3) aft r two consecutive experimental se s s of soybean cultivation according to application method (AM: WA = 
whole area; BR = betwe  row ) and r a ments (c trol, conventional fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________ __ __ __ _______ __ __ ______ __ __ _  I experimental eason _ _____ __ __ __ _____________________  
Control 0.20 ϰ 2.1 ϰ^ 22 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB 0.4  bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 A 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ 1 b   29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ 27  ϰ^ 6.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29 8 a ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 7 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
_______________________________________________________  II experimental season _____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ ^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b  ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ  18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _____________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat  signific n e a  p ≤ 0.05, p ≤ 0.01, and not sig ificant, r pectively. Sig ificant differ nc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l tters) or plicati n e ods (uppercas  l tter ) are indic ted by different letters aft r mean  withi  the sam  column. Significant diff rences (p ≤ 0.05; Dunnett 
test) mong th rea ments ar  i dicated by differen  sy bols (ϰ, #) after the me n withi the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for differen  ex erimental e sons (I vs. II) are indicat d by he presence of th ar t symbol (^) after th  means within the same column. 1 Raij et al. [35]. 
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T bl  3. S il icronutrien concentration (mg kg−3) fter two conse utive experiment l se sons f soybean cul vation according to application method (AM: WA = 
hole r ; BR = between rows) and tre tments (control, convention l fertil zation (CF), and CSS incr asing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ __ _ _ _  I experimental season ______________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB 0. 4 A ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA 0.45 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experimental season ______________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28 bA 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 b 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
1 .5 CSS 0.3 a  #  0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _______________________ Interpretation limit 1 ______________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** and NS—i d te signifi a c at p ≤ 0.05 p ≤ 0.01, and not signific nt, resp ctively. Significant differ nces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
s) o  pp ication m thod ( pp r a e letters) ar  i dicat d by d fferent let ers aft r eans withi  the same column. Significant differences (p ≤ 0.05; Dunnett 
reatme ts are indica d by diff re t symbols (ϰ, #) after the eans withi  th  same column. Significant differences (p ≤ 0.05; Tukey test) among the 
tr tm n s for differe t exp rimental seasons (I v . II) r  indicat d by the pres nce of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentratio  (mg kg−3) after two co secutive experimental seasons of soybea  cultivation according to application method (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _______________________________________ _ __ _ __ __ __  I experimental season __ __ __ __ __ _ __ _ __ _ __ __ __ __________________________  
Control . 0 ϰ .1  2 ϰ  34.8 ϰ .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ^ 8.6 B  2.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 29.1 A  9.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ     6.7 B  5.9 a   2.0 aA  1.1 B ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77  19.73 ** 11. 2 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .1   
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  1 .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ ^ .6  2.5 a  ^ 2.8 A  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.2  NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 .3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwee  C S rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after mea s withi  the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the mea s within the same column. Significa t differences (p ≤ 0.05; T key test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrie t c centration (mg kg−3) after two co secutive experimental seasons of soybea  cultivat on according to applicati  method (AM: WA = 
whole area; BR = be w en rows) and treatments (control, c ventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
A BR WA  WA BR WA BR WA BR 
 _ _ _ __ __ __ __ __ __ __ _ __  I experimental season _________ __ _ __ _ __ __ __   
Control . 0 ϰ .1   ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ^ 24 ϰ 5.6 #^ .6 ϰ^ 
5.   .28 cB 0.41 bA ^ .4 bcB ϰ^ .6 a  ^ 4  7 a ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS 43 aA ^ 0.31 cB 2.7 aA ^ .2 B ϰ 5  1 b  ϰ 9.  A 29.2 bc  ϰ#^ 1.3 b   0.8   
0 .35 bB  0.64 aA ^ 2.4 B ϰ^ .6 a  ^ 1 ϰ^    6.7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA .6 bA ^ 2.5 bA 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 NS 19.73 * 11.62 ** 
CSS rates 3 .9   0. 2 NS 3. 7 * 2.6  NS .16  
(AM) × (CSS) 59.71 ** 8.51  6.44 ** 1 .51 * 5.43 **
CV (%) 8.4 6.3 9.7 6 2 24.8 
 __________________________________ II experimental season __________________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ .4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   1 .7bc  7 1 7.1  .2 cB .5   
7.5 CSS . 7bA  0.3  bA 1.4 ϰ^ .   .    18.7 b  ϰ 8.9 18.7 ϰ#^ .8 b  #^ 1.7 c  #^ 
.0  .2  b  ^ . 1 #^ .   .7  17.0 bB ϰ#^ 23.0 aA  16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  . 4  2.45 NS .85 NS 20.97  
CSS rates  37.49 ** . 9  .55  13. 5 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 **
CV (%) 9.0 .0 8.2 9 8 14.6 
 ____________________________  Interpretation limit 1 __________________________________ 
Low 0–0.20 0 0.2 0–4 0–1.2 0–0.5 
Medium 1–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** an  NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not significant, respectiv ly. Significant diff rences (p ≤ 0.05; Tukey test) betwee CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the s me column. Significant differ nces (p ≤ 0.05; Dunnett 
test) among the reatments are indicated by i f ent sy bols (ϰ, #) af er the mea s within t e s me colu n. Significa t diff rences (p ≤ 0.05; T key test) among the 
treatments for differe t experimental seasons (I vs. II) are i dicated by the presence of he caret symbol (^) af er the means within th  s me column. 1 Raij et al. [35]. 
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Table 3. S il micronutr e t c ncentration (mg k −3) after two co secutive experiment l ea ons of soybea  cult vation according to applic tion method (AM: WA = 
wh le area; BR = b tween ows) and treatments (co trol, conventional fertiliz t on (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 __ __ _ _ _ _ __ __ _ _  I experimental se son _ __ __ __ __ __ _ __ _ __ _ __   
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6  
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.  aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  .77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
________________________________________ II experimental season ________________________________________ 
Control ,19 ϰ .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # .1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ .  #^ .   .7  1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—indicate sig ific c  t p ≤ 0.05, p ≤ 0.01, an  ot , respec ively. Signifi ant diff renc s (p ≤ 0.05; Tukey t st) betwee  CSS rates (lowercase 
lett rs) or application m t ods ( pp rcase l tters) ar  indica d by diff rent l tt r  aft r mea s within the sam  col mn. Significa t differences (p ≤ 0.05; Dunnett 
est) among the treatm n  are indic ted by diff r nt sy b ls (ϰ, #) after the mea s with n th sam  column. Significant diff rences (p ≤ 0.05; T ke  test) among t e 
treat e ts for diff rent experim tal seasons (I v . II) are indicated by the presence of t e caret ymbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient c ce tration (mg kg−3) after wo consecutive xperime tal seasons of soybean cult vati  according to application method (AM: WA = 
whole area; BR = b tween rows) a d treatments ( ontrol, conventional fertiliz t on (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _  I experimental season _ _ _ __ __ __ __ __ _ __ __ __ __ __ _  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ^ 0.5 ϰ
CF 0.26 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB 0.41 bA ^ 2.4 bcB ϰ^ 6 aA ^ 4 ϰ^ 7 a 28.6 a 32 4 a  ϰ#^ .0  ϰ 1.  aA 
7.5  .4 aA 0.31 cB 2.7 aA ^ 2.2 bB ϰ 5 ϰ^ 21 bA ϰ 9 1  #^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8  ϰ^ 
0.0  0.35 bB .64 a  ^ 4 B ϰ^ 2.6 a  ^ 1 ^   ϰ^ 26.7 aB 35.9  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 * 11. 2 * 
CSS rates 35.9  ** 0.42 NS 3.27 .63 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ  4.0 # 1 .1 #^ .4 #^ 
5.0  0.24 ϰ^ .28  ^ .5 ϰ^ .  ^ .3  ϰ#  7. c  ^ 7.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # .5  #^ 
7.5  0. 7   0.31 bA 4 ϰ^ .6 ^ A ϰ#^ 18 7  ϰ 8.9 ϰ 8 7 ϰ#^ 1 8 b  1 7 c #^ 
0.0  0.26 B  1 ^ .  ^ .7 ^ 1 .0 bB ϰ#  2 .0 aA  6 7 ϰ#^ .6 #^ 2.5 a   .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4  NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55  3. 5 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________________________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.  0–0.5 
Medium .21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind cate sig ific ce at p ≤ 0.05, p ≤ 0.01, a d ot s c , espectively. Significan  differenc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application me hods (uppercase etters) are icate  iffere t lett r  a t  means with n the sam  col mn. Significant differe ces (p ≤ 0.05; Dunnett 
est) among the treatme ts are i dicated by different symbols (ϰ, #) after the m ans with n the sam  colum . Significant diff rences (p ≤ 0.05; T key test) among the 
treat ents f r differen experim tal seasons (I vs. II) are indicated by the presence of t e caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il m cr utri t conce tr tio  (  kg−3) aft t o co s cutiv  experimental se so s f soybean cultivation accordi g to application method (AM: WA = 
whole are ; BR = betwe n r w ) and reatme ts (c trol, conventio al fertilization (CF), and CSS increasing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR 
_  I experimental season _ _ _ _ _ _ _ _ __ _ __________________________  
Control . 0 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0. 6 #  2.3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5.0  .  c  ^ 0.4 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 ^ 27 A ϰ^ 8.6 B #^ 32.4 ab  #^ 1.0 b  ϰ 1.2 A ^ 
7 5 CS  0.43 A ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ϰ^ 1   29 1 a #^ 29.2 bc  #^ 1.3 b  ^ 0.8  ϰ^ 
0.0  . b  ^ 0.6 aA ^ 2.4 abB ϰ^ .6 A ^ 21 A ^  ^ 6.7 B ϰ#^ 5.9 a  #^ 2.0 aA ^ 1.1 aB ϰ^ 
12. CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aA  27 a  ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 S 9.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 9.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season ____________________________________ 
Control ,19 ϰ .  ϰ^ 7 7 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0 24 b  ^ 0.28 bA ^ ϰ .  ^ .3  ϰ#^ 7. bc  ϰ^ 7.1 ϰ  7.1 ϰ#^ .2 cB # .5  #^ 
7.5 CS  . b ^ 0.31 bA 4 ϰ .6 ^ 17.0 bA #^ 18.7 b  ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 6 b  ^ 0 41 aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 #^ 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2 4  0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4 5  13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low –0.20 –0.2 0 4 –1.2 0–0.5 
Medium 0.21–0.60 .3–0.8 5–  .3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—in icate sig if ca ce t p ≤ 0. 5, p ≤ 0.01, a  no significa t, r pectively. Significant differenc s (p ≤ 0.05; Tukey test) b twe  CSS rates (lowercase 
l t rs) or ppli ti  ods (uppercase l tter ) ar ndicate  by different l tters aft r mea s within the same column. Significant differe ces (p ≤ 0.05; Dunnett 
t st) mo g th  treat nt ar  i dicated by iffer n  sy bols (ϰ, #) aft r the  withi the sa e column. Si nificant differ nces (p ≤ 0.05; Tukey test) amo g the 
reatments for diffe n  ex er men al se sons (I vs. II) ar  indicated by the presence of the caret symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il cr nutrient concentration (mg kg−3) fter two c e utive xperimen l seasons f soybean ultivation according to application method (AM: WA = 
whole r ; BR = between rows) a d treatments (control, convention l fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ _ _ _ _ _ __ _ _ _ __ _  I experimental season _______________________________________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0. 8 cB .4 b ^ 2.4 bcB ϰ^ 6 aA ^ 4 ϰ^ 7 a ^ 28.6 aB  32 4 ab  ϰ#^ .0  ϰ 1.2 aA 
7.5  .43 aA ^ 0.3 cB 2.7 aA ^ 2.2 bB ϰ 5 ϰ^ 21 bA ϰ 9 1 A ϰ#^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8  ϰ^ 
0.0 0.35 bB . 4  ^ 4 B ϰ^ 2.6 a ^ 1 ^   ϰ^ 26.7 aB 35.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 A 0.45 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 ** 11. 2 * 
CSS rates 35.9  ** 0.42 NS 3.27 .63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____________________ II experimental season _______________________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3  14.0 # 15.1 #^ 1.4 #^ 
5.0 0 24  ^ .2   .5 ϰ^ .  ^ .3  ϰ#^ 7. bc  ^ 7.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # .5  #^ 
7.5 0.2 0.31  4 ϰ^ .6 ^ A ϰ#^ 18 7 b  ϰ 8.9 ϰ#^ 8 7 ϰ#^ 1 8 b #^ 1 7 c #^ 
0.0 0 26 bB ^ 1 ^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA  6 7 ϰ#^ .6 #^ 2.5 a  ^ .8 a  ^ 
1 .5 CSS 0 3 a  #^ 0.44 aA # .6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4  NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 _______________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** and NS—i i te signifi anc  at p ≤ 0.05, p ≤ 0.01, a d not significant, sp ctiv ly. Significant differenc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l tters) r pplication ethod ( pper a  l tters) a indicat d by different let ers aft r means w thi  the same column. Significan  differences (p ≤ 0.05; Dunnett 
st) among e reat ents are i dica ed b differe t symbols (ϰ, #) after the eans w thin th  same column  Significant differences (p ≤ 0.05; T key test) among the 
tr atmen s for differe t experimen al seasons (I vs. II) r  indicat d by the pres nce of the caret symbol (^) after the means wi hin the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according t  applicatio  ethod (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I expe imental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6  ^ 24 a ϰ^ 27  ϰ^ 8.6 a  ϰ#^ 32.4 abA ϰ#^ 1.  bA ϰ 1.  aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2  ϰ 25 ϰ  21  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6  ^ 21 aAϰ^ 27  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II expe imental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.  # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 b  ϰ#^ 17. cA ϰ^ .1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.  cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 6.7 ϰ ^ 15.6 #^ 2.5 aA ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
M dium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significa t, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Du nett 
test) among the treatments are indicated by different sy bols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentratio  (mg kg−3) after two consecutive experimental seasons of soybean cultivation accordi g t  applicatio  met od (AM: WA = 
wh le a a; BR = between rows) nd treatments (control, conventional fertilizatio  (CF), and CSS incre sing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _______________________________________________________  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 a  ϰ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.  bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 2 aAϰ^ 21 bA ϰ 29. ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ .4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 7.3 bA ϰ#^ 7bc ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 7.  bA ϰ#^ 18. A ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 2 .0 A 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.5 aA ϰ .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 c  # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 ___________________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectiv ly. Significant differences (p ≤ 0.05; T k y test) between CSS rates (lowercase
letters) or application methods (uppercase letters) are indic ted by different letters fter mea s wit in the sa e column. Significant ifferences (p ≤ 0.05; Du nett 
te t) among the treatments are indicated by differ nt symbols (ϰ, #) after the means within the same colu n. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experim ntal seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means with n the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rient concentratio  (mg kg−3) after two consecutive experimental easons of soybean cultivation acc rd ng t  applicati  method (AM: WA = 
whole ar a; BR = betwee rows) a d t eatments control, conve tion l fertilization (CF), a d CSS i creasin  rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _________________  
Control 0.20 ϰ 2.1 ϰ^ 2  ϰ^ 4.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA  4 bcB ϰ^ .6 a ^  ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 a  #^ 1.0 bA ϰ .2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 a ^ 21 b ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS .35 bB 0.64 aA .4 bB ϰ^ .6 a ^ 1 ϰ 27 aA ϰ^ 2 .7 aB ϰ#^ 35.9  ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS . 3 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 5 ϰ 27 a ϰ^ 29.  aA ϰ#^ 2 .5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CS  rates 35.91 ** 0.42 NS 3 27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ 19.1 ϰ^ .6 ϰ 
CF .42 #^ 1.3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.0 CSS . 4  ϰ^ 0.28 bA ^ .5 ϰ^ 1.6 ^ 17.3 A ϰ#^ 7 7bc  ϰ^ 7.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 CSS 27bA ^ 0.31 bA .4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 b  ϰ 8.9 ϰ#^ 1 .7 ϰ#^ 1.8 bA #^ 1.7 c  #^ 
0.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ 23.0  ^ 6.7 ϰ#^ 1 .6 #^ 2.5 aA 2.8 aA ^ 
2 5 CSS 37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CS  rates 37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________ 
Low 0–0.20 0–0.2 4 0–1.2 –0.5 
Medium 0.21– .60 .3–0.8 5–12 1 3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i di te significance at p ≤ .05, p ≤ 0.01, a d not signifi a t, respect vely. Sig ificant differences (p ≤ 0.05; T key test) betwe  CSS rates (lowercase 
letters) or applicatio  etho  (upp case letters) are indicated by different lett rs after means within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among th  treat e t  are in icated by different symbols (ϰ, #) after the means within the same c lumn. Significant differe ces (p ≤ 0.05; Tukey test) among the 
treatment  for different experimental seasons (I vs. II) are indicated by the presenc  of the care symbol (^) after the means within the same column 1 Raij et al. [35]. 
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T ble 3. So l icronutrient concen rati  (mg kg−3) after two nsecutive experime tal seas s of s ybean cultivation according to applicatio  method (AM: WA = 
wh le ar ; BR = b we  rows) and trea men s (control, conventional f rtilizatio  (CF), and CSS i creasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ______________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ^ 34.8 ϰ^ 0.5 ϰ 
CF 0 26 #^ 2.3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 a ϰ^ 27 a ^ 8.6 a  ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 a  ^ 
.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 5 a ϰ^ 1 b  ϰ 29.1 A ϰ#  9.2 bcA ϰ# 1 3 bA ^ .8 aB  
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 ^ 27  ϰ 6.7 B ϰ#  3 .9 aA ϰ#^ 0 A ^ 1.1 B  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ______________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0 42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 3 bA ϰ#^ 17. bcA ϰ^ 17.  #^ 1 .1 ϰ#^ 1.2 cB # .5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 7 bA ϰ#^ bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.  cA #  
0.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 7. bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA 
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 1 .1 ^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 *
CSS rates  37.49 ** 4.59 * 4. 5 13.15 *  36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 1 .6 
  Interpretation limit 1 ______________________________________ 
Low 0–0.20 –0.2 0–4 .2 –0.5 
M dium .21–0.60 .3–0.8 5–12 1.3– .0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat sig ificance at p ≤ 0.05, p ≤ 0.01, and not signi ca t, res ctively. Significa t diff r nces (p ≤ 0.05; Tukey test) betw en CSS rates (lowercase 
l ters) or a plic tion methods (upp rcase le t r ) are indicated by diff rent l t rs after means withi  the same colum . Significant differences (p ≤ 0.05; Dunnett 
te ) among th  treat ents are indica ed by differ t symbols (ϰ, #) aft r th means within the same column. Significa t differences (p ≤ 0.05; Tukey test) a ong the 
reatment  for diff r t experim ntal s asons (I vs. II) are indicat d by the pres nc  of the c r t symbol (^) after th means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil mi ron ie t co ce tr ti  ( g kg−3) after w c s cutive xperiment l se sons of soybea  cultivatio ccording to application m th d (AM: WA = 
whole rea; BR = between rows) a d reatme ts (cont ol, conventional fer ilization (CF), and CSS increasing r es—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ________________  I experimental season ______________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 ^ 24 a ϰ^ 27 aA ϰ^ 8.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ .2 aA ^ 
7.5 CSS 0. 3 aA ^ 0.31 cB 2.7 a  ^ 2.2  ϰ 25 Aϰ^ 2  bA ϰ 29.1 aA ϰ#^ 29.2 bc ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.  CSS 0.35 B ^ 0.64 a  ^ 2.4 abB ^ 2.6  ^ 1 aAϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9  ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × ( SS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28  ^ 1.5 ϰ^ 1.6 ^ 1 .3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 1 .1 ϰ#^ 1.2 cB # .5 cA  
7.5 CSS 0.27b  ^ 0.31 b  1.4 ϰ^ 1.6 ^ 1 .0 b ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 1 .7 ϰ#^ 1.8 bA #^ 1.  c   
10.  CSS 0.26 bB ^ 0.4 aA #^ 1.6 ^ 1.  ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.4   4.59 * 4.55 * 13.15  36.42 ** 
(AM) × ( SS) 6. 1 ** 0.29 NS 19.1  ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___ __ __ __ _ Interpretation limit ________________________________________________________________________ 
Low –0.20 0–0.2 0–4 –1.2 – .5 
Med um 0.21–0.60 0 3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— t  sig ificanc  at p ≤ 0.05, p ≤ 0.01, and n t s gnificant, espectively. Signifi an  differe ces (p ≤ 0.05; Tuk y test) between CSS rates (lower se 
lette s) or application methods (upp rca e l tters) ar  ndicated by diff r nt l tt rs af r an  within th ame column. Signifi a t difference  (p ≤ 0.05; Dun tt 
est) among h  tre tments are indicated by differe t sy bols (ϰ, #) aft r t e m s within th  same colu n. Si nifi nt iffer ces (p ≤ 0.05; Tukey test) among t  
tr tments f r differen expe imental seaso s (I vs. II) indica ed by the pr se ce of the caret sy bol (^) after t e means within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil mi ronut i nt co ce trati n (mg kg−3) f er two consecutive experimental seasons f soybean ultivati  ccor ing to application method (AM: WA = 
whol  r a; BR = be w en rows) a d treatme ts (con rol, conve tional fertil zation (CF), and CSS increasing rates—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA WA BR WA BR WA BR WA BR 
  I experimental season _____________________  
Control 0.20 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.2  # 2.3 ϰ^ 24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 B ^ 2.6 a  ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 25 a ϰ^ 1 b  ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 ϰ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  0.30 NS .77 NS 19.73 ** 11.62 ** 
CSS rates 3 91 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59 7 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _____________________ 
Control 0,19 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 1.3 ϰ^ 14.0 # 15.1 #  1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ^ 1.6 7.3 bA ϰ#^ 17.7bc  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS .27bA ^ 0.31 bA 1.4 ϰ^ 1.6 1 .0 b  ϰ#^ 8.7 b  ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0. 6 bB ^ 0.4   #^ 1.6 ^ 1.7 17.0 B ϰ#^ 23.0 a  ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 a # 1.6 ^ 1.6 ^ 20.5 aA ϰ 1 .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates 37.49 *  4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 *  0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  In erpretation limit 1 _____________________ 
Low 0–0.2 0– .2 –4 0–1.2 –0.5 
M dium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—indicat  ignific ce a p ≤ 0.05, p ≤ 0.01, a d not sig if cant, respectiv ly. i ifi t iff r  (  . ; Tuk y test) be een CSS rat s (lowercase 
l tters) or application methods (upp c se l tt rs) are i dicat d by differ nt l tters  m a s withi  the same column. Significant differ nces (p ≤ 0.05; Du nett 
es ) a g the tr atm nts are i d t d by diff re t symb ls (ϰ, #) after e mea s within the sam  colu n. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
tr at ts for d ff rent xp ri ntal s asons (I vs. II) ar i dica ed by the presenc  of the caret symbol (^) after e means within the same column. 1 Raij et al. [35]. 
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Tabl  3. S il micr utrien co ce tratio  ( g kg−3) fter t o cons cutive xp rim tal easons of soybean cultivation accord g t  application metho  (AM: WA = 
wh le rea; BR = between rows) d treatme ts (control, conventional fer iliz tio  (CF), a d CSS incre sin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____  I experimental season _________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 4 cB ϰ^ .6 a  ^ 4 ϰ^ 27 a  ϰ^ 28 6 B ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS .43 aA ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 5 a ϰ^ 21 b  ϰ 29.1 aA ϰ#^ 29.2 bc  #^ 1.3 bA ^ 0.8 aB ϰ^ 
1 .0 CSS 0.35 bB ^ 0.64 A ^ 4 B ϰ^ .6 a  ^ ϰ^ 27  ϰ^ 26.7 aB ϰ#^ 35 9  ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12 5 CSS 3 a ^ 0.45 bA 2.6 abA ^ 2. bA ^ 5  27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 N  19.73 ** 11.62 ** 
CSS rates 3 .91 *  0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.7  ** 8.51 ** 6. 4 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________ 
Control , 9 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0 CSS 4 ϰ^ 0.28 bA ^ 1.5 ϰ^ .6 .3  ϰ# bcA ϰ^ 17. ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 27b  ^ 0.31 bA 1.4 ϰ^ 1.  .0 b  ϰ#^ 1 .7 bA ϰ 18.9 ϰ#^ 1 .7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
1 .0 CSS 0 26 bB 0.41 aA #^ .6 ^ .7 ^ 17.0 bB ϰ#^ 23 0 aA ^ 16.7 ϰ#^ 1 .6 #^ 2.5 aA ^ 2.8 aA ^ 
12 5 CSS .37 B ^ 0.44 aA # 1.6 ^ 1.6 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** . 4 NS 2. 5 N  0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4. 5  13.15 ** 36.42 ** 
(AM) × (CSS) 6. 1 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
  Interpretation limit 1 _________________ 
Low 0 0.2  0 0.  0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i d te sig ifica c  p ≤ .05 p ≤ 0.01, and ot ignifi ant, esp ctiv ly. Significan  differ ces (p ≤ 0.05; Tuk y test) betw  CSS at s (lo ercase 
l tt rs) or application m thod  (upp rcase l tt rs) ar  n ic ted by ifferent l t r fter me s within the sa e colum . Significant differe ces (p ≤ 0.05; Dunnett 
t) amo g the tre tm ts are in cat d by diff r t symb ls (ϰ, #) aft r th me s wit i  the sa e c lu . Significa t differ ces (p ≤ 0.05; Tukey test) amo g the 
tr tments or diff re exp rim ntal sea o s (I v . II) i dicat d by he presenc  of the caret y bol (^) after the me ns within the same column 1 Raij et al. [35]. 
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T bl  3. S l m ro utrie  con e tr on (mg kg−3) aft  tw  con cutive experimenta  seaso s of s ybea  cultivation according to application method (AM: WA = 
whole are ;  = bet een r ws) nd tr m ts (co r l, conv ntio al fe tilization (CF), and CSS increasing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A  BR WA BR 
  I xperimental season ___________________  
Control 0.2 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2 3 ϰ^ 24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ 0.41 bA ^ .4 bcB ϰ^ 2.  aA ^ 24 A  27 A ϰ 8.6 aB #^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7 5 CSS 0.43 a  ^ 0.3 c . ^ 2.2 bB ϰ 25 ^ 21 A ϰ 29 a ϰ# 29.  bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
0.0 CSS 0.  B 0.64 aA ^ 2.4 abB 2.6 a  ^ 21 A ^ 2 A ϰ 26 7 B 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.  CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 aA 27  ϰ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** 0.30 NS 3.77 NS 19.73 ** 11. 2 ** 
 rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.1  ** 
(AM) × (CSS) 9.71 ** 8.51 ** 6.44 *  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II xperimental season ___________________ 
Control 0,19 ϰ 1.3 ϰ^ 7 7 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1 3 ϰ^ 4.0 # 15.1  1.4 #^
5.0 CSS 0 24 bA ϰ^ 0 28 bA ^ 1 5 ϰ^ 1. ^ 17.3 b  #^ 17. bcA ϰ^ 17.1 ϰ#^ .2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ .3  b 1 4 ϰ^ 1. ^ 7 0 #^ .7 bA ϰ 8 9 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0 26 bB ^ 0 41 #^ 1.6 ^ 1.7 ^ 7. bB ϰ#^ 23 0 aA ^ 6 7 ϰ# 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
1 .5 CSS 0.3  aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.  cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2 4 0.85 NS 20.97 ** 
 rates  37.49 ** 4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 ___________________ 
Low –0.2  0– .2 0–4 –1.2 0–0.5 
Medium 0.21–0.60 .3– .8 5–12 1.3–5.  .6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
* ** and NS—ind c te ignifica ce t p ≤ 0.05, p ≤ 0.01, and not significant, r spect v ly. Sig ificant diff rences (p ≤ 0.05; Tukey test) b twe  CSS r tes (lowercase 
l t s) ppl at o  m thods ( ppercase letters) are i ic t  by different letters after mean  within t e sam column. Significant differences (p ≤ 0.05; Du nett 
t st) mo g  at e ts are indicat d b differ nt symbols (ϰ, #) ft r th  mea s within the ame colu . Significant differ nces (p ≤ 0.05; Tukey test) among the 
rea m ts for d ffer  xperimental seasons (I v . II) ar  indica d by th  pr senc of the caret symbol (^) ft r the m ans within the same column. 1 Raij et al. [35]. 
 
281
Agronomy 2020, 10, x   9 of 20 
Agro omy 2020, 10, x; doi: FOR PEER REVIEW www. dpi.com/journal/agronomy 
Table 3. S il m cr trie t c centr ti  (mg kg−3) f two c s cutive exp r me ta  se sons f soybe cultiv ti  according t  application method (AM: WA = 
wh le a ; BR = between ws) a d r atme ts (co t l, convention l fert liz tion (CF), and CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA A BR WA BR 
  I experimental season __________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 b  ^ 2.4 bc ϰ^ 2.6 aA ^ 24 a ^ 27 a  ^ 28.6 B #^ 32.4 ab  #^ 1.0 bA ϰ 1.2 aA ^ 
.5 CSS 43 A ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 5 a ^ 21  1 a  ϰ#^ 29 2 cA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
1 .0 CSS 0.35 b  ^ 0.64 A ^ .4 abB ϰ^ 2.6 aA ^ 21 ^ 7 ^ 26.7 aB ϰ#^ 35.9  ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.  CSS . 3 a  ^ 0.45 b  2.6 abA ^ .  bA ^ 2 a  27  ^ 29 8 a  ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3. 7 NS 19.73 ** 11.62 ** 
CSS rates 5.9  *  0.4  NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 *  8.51 ** 6.44  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0 CSS 0.24 b  ϰ 0.28 b ^ 1.5 .6 3 b ϰ#^ 17 7b ϰ^ 17.1 ϰ ^ 17. ϰ#^ 1.2 cB # 1.5 cA #^ 
7 5 CSS 0.2  0.31 bA .4 1.6 17.0 b ϰ#^ 8.7 b ϰ 18.9 ϰ 8.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
1 .0 CSS .26 bB ^ 0.41 aA .6 1.7 17.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ 15.6 #^ 2.  aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6  1.6 ^ 20. aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  S 0.85 NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) .81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low .  0–0.2 –4 –1.2 0–0.5 
Med um 0. 1– .6  0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—i c te sig ifica ce at p ≤ 0.05, p ≤ 0.01, a d o  significant, re ectively. Sig ificant differ c s (p ≤ 0.05; T key te t) betw n CSS ates (lowercase 
l t rs) r ppli ti  ho s ( pper l ) ar in cated by diff r  lett rs after means withi  the sa  colum . Sig ific nt diff rences (p ≤ 0.05; Dunn tt 
t st) among the treatments are in cated by diff r  s l  (ϰ, #) fter th ans withi  h  same colu . S gnificant differ nc s (p ≤ 0.05; Tuk y test) among the 
re ments for diff rent exp men al s so s (I v . II) are indica ed by the p se c  of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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T ble 3. So l r utrie t co c ration (mg kg−3) aft wo ns cutive xper me tal seaso s f soybea  cultiv tion according to application method (AM: WA = 
whol  ; BR = be wee  w  a d t ea ments co tr l, co ve tio al f rtilization (CF), nd CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA  BR WA BR 
  I xperimental season ____________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5 0 CSS 0 8 cB ^ 0.41 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24  27  ϰ^ 8.6 aB #^ 32 4 a  #^ 1.0 bA ϰ 1.2 aA ^ 
7 5 CSS 43 aA ^ 0.31 cB .7 a  ^ 2.  bB ϰ 5 a ^ 2  A ϰ 1 a ϰ#^ 29.2 c  #^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0 35 bB ^ 0.64 aA  2.4 abB ϰ^ 2.6 aA 21 a  2  ^ 26 7 B #^ 35.9  ϰ#^ .0 aA ^ 1.1 aB ϰ^ 
12. CSS 0.4 ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 a 27 ^ 9.8 aA 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 9.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II xperimental season ____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7 7 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1  1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ .5 ϰ .6 .3 b  #^ 7. bcA ϰ^  7.1 ϰ ^ 1.2 cB # 1.5 cA #^ 
7 5 CSS 0 27  ^ 0 31 bA 1.4 ϰ 1.6 7.0 #^ 1 .7 bA ϰ 9 18.7 ϰ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0 26 bB ^ 0 41 aA #^ .6 ^ .7 ^ 17 bB ϰ#^ 23.0 aA ^ 16.7 ϰ# 15.6 # 2.5 aA ^ 2.8 aA ^ 
2.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2 4 0.8  NS 20.97 ** 
 rates  37.49 ** 4.59 * 5  13.15 *  36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .0 8 2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low –0.20 0–0.2 0–4 –1.2 0–0.5 
Me ium 0. 1–0.60 .3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 12 >5.0 >1.2 
*, ** nd NS—i dicat  s ifi c  a p ≤ 0.05, p ≤ 0.01, and n t significa t, esp ctively. S gnifica t diff renc s (p ≤ 0.05; Tukey test) b tw n CSS rates (lowercase 
l ers) r appli tio m hods (upp c s  l tt r ) r  n i t  iff r nt l tters fter m ans within the same colum . S gnificant differences (p ≤ 0.05; Dunnett 
e ) mo g th  t at ent  indicat d by diff rent y bols (ϰ, #) a t r th m ans withi  the same colum . S g ifica t differ nces (p ≤ 0.05; Tukey test) among the 
reat nt f r iffer exp rimental e sons (I vs. II) r  indicated by the pr s nc of the c re  sy bol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil i utrient ce trati n (m  k −3) f r wo ons cutive ex er me tal s as ns f soybe n cultivation according to application method (AM: WA = 
whol  a ; BR = b tw e rows) and treatme t  (control, co v ntion l fertiliz t on (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR WA BR 
 _________________  I experimental season ______________________________________________________  
Control 0. 0 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS .28 c  ^ 0.41 b  ^ .4 bc  ϰ^ .6 a 2  ^ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 a  ϰ#^ .0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43  ^ 0.31 cB .7  .2 bB ϰ 25 a ϰ^ 1 ϰ 29.1 aA ϰ#^ 29.  bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0. 4 a  .4 B ϰ^ 2.6  21 ϰ^ 7 a  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 * 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___________________ __ _ II experimental season ______________________________________________________ 
Control 0, 9 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 CSS .24 b  ϰ^ 0.28 bA ^ .5 .6 ^ 17.  bA ϰ#^ 17 7bcA ϰ^ 17.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7 CSS .27b  ^ 0.3  bA .4 ^ 1.6 ^ 7.0 bA ϰ#^ 8.7 bA ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.8  #^ 1.7 cA #^ 
10 0 CSS . 6 bB  0.41 aA #^ .  1.7 17.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ 5.6 #^ 2.5 a  ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.  aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates 37.4  ** 4. 9 * .55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6 81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 .  8.2 9.8 14.6 
 ____________________________________ _________ Interpretation limit  ______________________________________________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5 
Medium 0. 1–0.6  0 3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** a NS— ndicate sig ificance a  p ≤ 0.05, p ≤ 0.01, nd n t significant, res ctively. ignificant differ ces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l t ers) or application met o s (upp rc se ) ar n icated by diff r nt l tt s after means with n the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
e t) among h  treatm s are i d ted by differe t sy ol  ϰ, #) a ter the ans ithin the sa e col n. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
r atment fo  i fe nt exp rim ntal s a on (I vs. II) re i dic ted by the p esence of the caret sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri t concentrati n ( g kg−3) aft r two c secutiv  experim ntal se so s of s yb n cultiv ti  accordi g to applicati n meth d (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ .1 ϰ^ 2 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 a ϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab  #^ 1.0 b  ϰ 1.2 A ^ 
7.5 CS  0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ϰ^ 1 b   29.1 a  #^ 29.2 bc  #^ 1.3  ^ .8  ϰ^ 
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 21 aAϰ^   ϰ^ 6.7 B ϰ#^ .9 a  #^ 2.0  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 NS 19.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 b  ϰ^ 0.28 bA ^ .5 ϰ^ .  ^ .3 A ϰ#^ 17.7bc  ϰ^ 17.1 ϰ#^ .1 ϰ#^ .2 cB # .5  #^ 
7.5 CS  . 7bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 b  #^ 18.7 b  ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.8 A #^ 1.7 cA #^ 
0.0  .26 b  ^ 0.4  aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 #^ 2.  a   2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0– .  0 4 –1.2 0–0.5
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, a  not significant, resp ctively. Significant diff r c s (p ≤ 0.05; Tukey test) betwe CSS r tes (lowercas  
letters) or application methods (uppercase letters) ar  indicated by differ nt l tters after means within the same colu n. Signific t diff re ces (p ≤ 0.05; Dun tt 
test) among the treatments re indicate  by different symbols (ϰ, #) after th  m s within th  s m  colum . Significant ifferences (p ≤ 0.05; Tuk y t t) among th  
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri t conc ntration ( g kg−3) after two c secutiv  xperimental se s s of s y ean cultiv ti  accordi g to applic tion method (AM: A = 
wh le area; BR = between rows) and treatments (control, conventional fertilizatio  (CF), and CSS incre sing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _______________________________________________________  I experimental seas n ________________________________________________________________________  
Control .  ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0.2  #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.  ϰ^ 
5.0  .28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 ϰ^ 7  ϰ 8.6 aB #^ 2.4 b  #^ 1.0  ϰ 1.    
7.5 CS  .43 aA ^ 0. 1 c  2.7 aA ^ .2 bB ϰ 5 ϰ^  b   9.1 aA #^ 9.  bc  #^ 1.3 b  ^ .8  ϰ^ 
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 1 Aϰ^   ^ 6.7 B ϰ#^ 5.9 a  #^ 2.0 a  ^ 1.1 B ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 NS 9.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27 * 2.63 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** .44 * 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14. # 1 .1 #^ 1.4 #^ 
5.0  0.24 b  ϰ^ 0.28  ^ .5 ϰ^ .  1 .3  ϰ#^ c  ϰ^ 7.1 ϰ#^ 7.1 ϰ#^ .2 cB # .5  #^ 
7.5 CS  . 7bA ^ .31 A 1.4 ϰ^ .6 ^ 17.0 bA #^ 8.7 b  ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0  .26 b  ^ 0.41 aA #^ . ^ .7 ^ 7.0 bB ϰ#^ 3.0  ^ 16.7 ϰ#^ .6 #^ 2.  aA ^ 2.8 A  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.5 aA ϰ .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 c  # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 ___________________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low –0.20 0–0.2 0 4 0–1.2 0–0.5 
Med um .21– .60 0.3–0.8 –  .3–5.0 . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicat  significance at p ≤ 0.05,  ≤ 0.01, a  not sig ifi nt, resp ctively. Significant differenc s (p ≤ 0.05; Tuk y te t) betwe  CSS rates (lowercas
letters) or applicati  methods (upperc se letters) ar  i dic ted by iffer nt l tt rs fter eans withi  the same colu n. Signific t differences (p ≤ 0.05; Du ett 
te t) a o g th  tr atments ar  indicated by differ nt symbols (ϰ, #) aft r the m a s within the me colum . Signifi a t differenc s (p ≤ 0.05; Tukey t st) amo g t e 
treatments for different experim ntal seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means with n the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rie  concentration (mg kg−3) after t o co secutive exp r mental easons of soybea  cultivation accord ng to application method (AM: WA = 
whole area; BR = betwee  rows) a d treatments (control, conve tion l fertiliz tion (CF), a d CSS i creasin rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________ _ _ __ _ _ _ _ I experimental season ________________________________________________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ^ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0   
5.0  .28 c   0.41 bA ^ .4 cB ϰ^ .6 a  ^ 4  7 aA ϰ^ 8 6 B  32.4 a   .0  ϰ 1.2 A ^ 
7.5 CSS .43  0.31 cB 2.7 aA ^ .2 bB ϰ 5   b  ϰ 9.1   29.  bc  #^ .3 b   .8   
0 .3  B  0.64 a  ^ 4 B ϰ^ .6  ^ 1 ϰ   6.7 B  35 9   .0 aA ^ 1 1 aB ϰ^ 
12 5 CSS 3 a ^ 0.45 bA 2.6 abA ^ 2. bA ^ 25 a 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 c ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 9.73 *  11.6  ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________________________________________ II experimental season ________________________________________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ^ 14 # 15.1 #^ 1.4 #^ 
0  4 ϰ^ 0.28 bA ^ .5  .  .3  1 . bc  ^ 1 .1  7.1 1.2 cB  .5   
7.5 CSS 7b   0.31 bA .4 ϰ^ .6 .  A #^ 18.7 b  ϰ 8.9  1 . ϰ#^ 1.8 b #^ .7 c  #^ 
0 .26 b  . 1  #^ .   .7  17.0 b  ϰ#^ 2 .0 aA  16.7 ϰ#^ .6  2.5 a  ^ 2.8 a  ^ 
12 5 CSS .37 B ^ 0.44 aA # 1.6 ^ 1.6 ^ 20 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55 13.15 *  36.4 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6 46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________________________________________ Interpretation limit 1 ________________________________________________________
Low 0–0.20 0– .2 –4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.  . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i d te significa ce at p ≤ 0.05, p ≤ 0.01, a  no  signifi ant, respectively. Sig ificant ifferences (p ≤ 0.05; Tukey test) betwee  CSS ates (lowercase 
letter ) or applicatio  me ho s (uppercase letters) a e i cate   ifferent lett rs after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among th  treat e t  are i cated by different symbols (ϰ, #) after the mea s within t e same colu n. Significa t differences (p ≤ 0.05; T key test) among t e 
treatme ts for different exp rimental seasons (I vs. II) are indicated by the presenc  of the caret symbol (^) after the means within the same column 1 Raij et al. [35]. 
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Table 3. Soil micron rient concentrati  (mg kg−3) after wo consecutive experi enta  seas s of soybean ultivation according to application method (A : A = 
whole a ; BR = between rows) a d r atments (control, conventional fert lization (CF), and CSS increasing ra es—Mg ha−1 on a wet b sis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA B  WA BR WA BR 
 I experimental season _____________________________________ 
Control 0.20 ϰ 2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ  24 2 6 #^ 0 6 ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24 a 27 aA  8.6 aB 2.4 ab ϰ#^ 1.  ϰ 1.2 a  ^ 
7. CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 2  a ^ 21 b 29.    9.2 bc  ϰ#  1.3  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ 2.6 aA ^ 1 aA 27   6.  B #^ 35.9 A  2.0 a  ^ 1.1 aB ϰ^ 
12.  CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a   29 8 a ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 7 9.73 ** 1 .6  ** 
CSS rates 35.91 ** 0.42 NS 3.27 2. 3 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 1 #^ 1.4 #^
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ  1.6 ^ 17.3 bA ϰ#^ .7bc 17.1 ϰ ^ 7.1 #  1.2 cB  1.5 c  #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ  1.6 ^ 17.0 bA ϰ#^ .  A ϰ 8.9 ϰ 8. #  1.8 bA #^ .7 cA #^ 
10.0 CSS 0.26 bB ^ 0.4  aA #^ 1.6 1.7 ^ 17.0 bB ϰ#^ 3.0  ^ 6.7 ϰ#^ .6  2.5 aA  2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0 44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 ^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.5  * 13.15 ** 36.4  ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _____________________________________ 
Low –0 20 0–  0 4 –1.2 –0.5 
Medium 0.21– .60 0 3–0.8 5 12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in cat significance at p ≤ 0.05, p ≤ 0.01, and ot significant, respectively. Significa t differ nces (p ≤ 0.05; Tukey test) between CSS r t s (lowercase 
l tte s) or a pli ation m thods (uppercase letters) are indicated b  differen  letter after a  withi  the same column. Significant diff rences (p ≤ 0.05; Dunnett 
est) amo g th  tre tmen s are indica e b  different sy bols (ϰ, #) fter the an  withi  the sa e column. Si nificant differences (p ≤ 0.05; Tukey est) a o g the 
t eatments for differ t expe imental se sons (I vs. II) are indicat d by he prese ce of the caret symbol (^) fter the mean  within the same column. 1 Raij et al. [35]. 
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T ble 3. Soil micronutrie t conce rati  (mg k −3) aft r t o s cutiv  exp rime tal seas s f s ybea cultiv ti  according t  applic tion method (AM: WA = 
wh le ar ; BR = b we  ows) and t a men s contr l, conve tional f rtiliz tio  (CF), and CSS increasin  r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____ __ _ __ __ __ __ ___________  I experimental season __________________  
Control . 0 ϰ .1 ^ 22 34.8 ϰ^ .5  
CF 0.  #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ^ 
5.0 .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 24 ^ 7 ^ 8.6 aB ϰ#^ 32 4 ab  #^ .0  ϰ 1.2 A ^ 
7 5 CSS 43 aA ^ 0.31 cB .7 aA ^ .2 bB ϰ 5 ^ 1 b   1 aA #^ 29 2 bc ϰ#^ 1.3 b  ^ 0.8 a  ϰ^ 
.0  .35 bB ^ 0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 21 a ^  ^ 6.7 B ϰ#^ 35.  a  #^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27  29.8 a  28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30 S 3. 7 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________ 
Control ,19 ϰ . ^ 17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1  1.4  
5.0  0.24  ϰ^ 0.28 bA ^ .5 ^ . ^ 3  #^ 7.7bc ^ .  #^ 7.1 #^ 1.2 cB # .5  #^ 
7.5 CSS . 7 ^ 0 31 bA 1.4 ϰ^ .6 ^ 1 0  #^  b ϰ .9 #^ 18.  ϰ  1.8 b  #^ 1.7 c  #^ 
1 .0  .26 b  ^ 0.41 a  #^ .  ^ .7 ^ 7 bB ϰ#  2 .  aA ^ 16.7 ϰ#^ .6 #^ 2.5 a  ^ 2.8 aA ^ 
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 2.1 ^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 NS 2.4  NS 0.85 NS 20.97 *  
CSS rates  37.49 ** 4.59 * 4. 5 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low –0.20 0–0.2 –4 –1.2 0–0.5 
Medium .21–0.60 0.3–0.8 5–12 1.3– .0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat s g ificanc at p ≤ 0.05, p ≤ 0.01, a  not si if c t, resp ctively. S gnificant iff r es (p ≤ 0.05; T ke  test) betw  CSS ates (lowercase 
l ters) r a plic tion m t od  (upp c s le t r ) are in icated by different l t ers after ea  withi  the same c lum . S gnificant differe ces (p ≤ 0.05; Dunnett 
te ) a o g t t at e t  are in icat d y diff r nt symbols (ϰ, #) aft r th mea s within the me colum . S g ific nt differenc s (p ≤ 0.05; T key test) amo g the 
reatm nt for diff r t exp rim ntal eas ns (I vs. II) are indicat d by the pr s nc  of the c r  symbol (^) after th means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil micr n ie t conce tration ( g kg−3) aft r o c secutive experimental seaso s of soybea cultivation ccordi g to applicatio  meth d (AM: WA = 
wh le rea; BR = between rows) a d reatme ts (control, conventional fer ilizatio  (CF), and CSS incre sing rate —Mg h −1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season __________________________________________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .5  
CF 0. 6 #^ 2.3 ϰ  4  25.6 #  0.6 ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4 a  27 a  ϰ 8.6 B ϰ#^ 32.4 abA  .0  ϰ 1.2 A ^ 
7.  CSS .43 aA  0.31 cB 2.7 a  ^ .2 bB ϰ 25  1 bA  9.1 A  29.  c  ϰ#  1.  b   0.8   
0.0  .35 bB ^ 0.64 aA ^ 2.4 a B ϰ  2.6 aA ^ 21 a ϰ^    6.7 B ϰ#^ 35.  a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.6  ** 
CSS rates 35.9   0.42 NS 3.27 * 2. 3 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season __________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  .0 # 15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 b  ^ .5  .   .3 A  7bc  ^ 7.1  7.1  1.2 cB  .5 A #^ 
7.5 CSS . 7b  0.31 bA 1.4 ϰ^ .6  1 .   18.  b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #  
0.0  .26 b  ^ 0.41 a  #^ .  .7  1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.5 aA ϰ 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 __________  Interpretation limit __________________________________________________________ 
Low 0–0.2  0– .  0–4 –1.2 0–0.  
Medium 0.21–0.60 0 3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS— n c te sig if ca ce at p ≤ 0.05, p ≤ 0.01, a  ot s gnifi ant, e pectiv ly. Signifi nt differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lo ercase 
l tte s) or application methods (upp rca e etters) ar  ndic ted by differ t l tter  f r an  t i  t sa  col m . Signifi ant differences (p ≤ 0.05; Dun ett 
e t) among h  tr tments ar i dica  by differ t sy bols (ϰ, #) after the m s within th  sa e column. Si nifi t iffer ces (p ≤ 0.05; T key test) among the 
treatments f r differen expe im ntal seaso s (I vs. II) are indicated by the pr se ce of the caret sy bol (^) after t e means with n the same column. 1 Raij et al. [35]. 
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T bl 3. S il micro utrie t con e trati  (mg kg−3) fter two co secutive experimental seas ns f soyb a ultivatio  acc rding t  appli ation method (AM: WA = 
whol  ar a; BR = be w en rows) and tre men s (control, conve tio al fertilization (CF), nd CSS i creasing rates—Mg h −1 on a wet basis). 
Treatment  
B u Fe Mn Zn 
WA B  WA BR WA BR WA BR WA BR 
  I experimental season __________________________________________  
Control 0.20 ϰ .1   ^ 34.8 ϰ  0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 5.6 #^ 0.6 ϰ^ 
5.0  0. cB 1 b ^ 2.4 bcB ϰ^ 2.6 a  ^ 4 A  27 A ^ 8.6 B  32.4 b  ϰ#^ .0   1.2 aA  
7.5 SS .4 a  ^ 0.31 c 2.7 aA ^ .2 bB ϰ 5 a  21 bA ϰ .   ϰ#  29.  bcA ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 ^ .4 B ϰ^ .   ^ 1 ^    6.7 B 35.9   .0  ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0 45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50 48 . 0  3.77 NS 19.73 ** 11.62 * 
CSS rates 3 .9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________________________________ 
Control 0,19 ϰ .   7.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28   .   .   .3 A  17.7 cA ^ .   7.  .2 cB  .5   
7.5 SS . 7  .31 A .4 ϰ^ .6 ^ . b  ϰ#^ 18.7 bA ϰ 8.9  8.7 ϰ#  .8 b  #^ 1.7 c  #^ 
0.0  0.26 bB  . 1   .   .7  7.0 bB ϰ#^ 3.0 a  ^ .7 ϰ#  .6  . a  ^ 2.8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48 76 3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates 7 9 4.59 * 4.55  3. 5  36.42 * 
(AM) × (CSS) 81 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  In erpretation limit 1 __________________________________________ 
Low –0.20 – 2 –4 0 .2 0–0.5 
Mediu  0.21 0 60 0.3– .8 5–12 1.3–5.0 0.6–1.  
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—i icat  ign fi a e t p ≤ 0.05, p ≤ 0.01, a d not ig ifi ant, r sp tiv ly. Signifi t diff re ce  (p ≤ 0.05; Tukey t t) b wee  CS  rates (lowercas  
l tt rs) or applic i  me hods (upp as  lett r ) are i dica d by diff r l tt r t  means wit in the sam colum . Sig ificant differences (p ≤ 0.05; Dun ett 
tes ) a ong th  treatm nts are indicated by diff rent symbols (ϰ, # fter e ea s wit i  the s m  colu n. Significant differe ces (p ≤ 0.05; T k y t st) among th  
treatm s for d ff ren  exp i ntal s asons (I vs. II) ar i dicated by the pres nc  of t e car sy bol (^) after e means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil mic utrien  c ce tr tion ( g kg−3) ft r two c s cutive exp rimenta  eas s f s ybean cultiv ti n accord ng to application meth d (AM: WA = 
whol  area; BR = between r ws) d tre ments (control, conv ntional fertilization (CF), a d CSS incre sin r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _______________________________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 3 .8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ^ 
5.0  0.41 b  ^ .4 cB ϰ^ 6 aA ^ 4 ϰ^ 7 a 8 6 B 32 4 abA ϰ#^ .0  1.2 aA 
7.5 . A ^ 0.31 cB 2.7 a ^ 2.2 bB ϰ 5 ^ 21 b 1  #^ 29. cA ϰ#^ 1.3 b ^ 0.8 ϰ^ 
0 .  B  .6  a ^ 4 B ϰ^ .6 a ^ 1 ^  ϰ^ 26.  aB 35 9   .0 ^ 1.1 aB ϰ^ 
12 5 CSS 3 a ^ 0.45 bA 2.6 abA ^ 2. bA ^ 25 a  27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  N  19 7 * 11. 2 * 
CSS rates 35.9  ** 0.42 NS 3.27 63 NS . 6 ** 
(AM) × ( SS) 59.7  ** 8.51 ** 44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _______________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0 4 ϰ^ .28 ^ .5 ϰ^ .6  .3 A ϰ# bc  ^ 7.1 ϰ#^ 7.1 ϰ#^ .2 cB  .5  #^ 
7.5  0.27 0.3 bA 1 4 ϰ^ 6 ^  ϰ#^ 8.7  ϰ 8.9 ϰ 8 1 8 b #^ 7 c #^
0 0. 6 bB 1 ^ ^ .7 ^ 7 0 b 23.0 a   6 7 ϰ .6 #^ .5 a   .8 a  ^ 
12.5 CSS 0 37 aB ^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4  N 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55 3 5 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.  .2 9.8 14.6 
  Interpretation limit  _______________________________________ 
Low 0–0.2 0–0.2 –4 0– .  0–0.5 
Medium 0.21– .60 .3–0.8 5–12 3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—i d c te sig ifican  p ≤ 0.05, p ≤ 0.01, a  o  significant, r spectiv ly. Sig ificant differences (p ≤ 0.05; Tuk y test) etween CSS ates (lowercase 
let er ) or applica io  m thods (up erc s ett s) are i c ted b  ifferent l t r fter e within the sa  colum . Significant differences (p ≤ 0.05; Dunnett 
st) a ong the tre tments are in cated by differen  symb ls (ϰ, #) fter th  means w thin the same colu . Sig ificant differences (p ≤ 0.05; T key test) amo g the 
tre tm ts f  differe t x rim ntal seasons (I vs. II) ar  indicat d by the presenc of h  caret y bol (^) fter the me ns with n he same column. 1 Raij et al. [35]. 
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T bl  3. S il mi ronutrie  conce tr n (mg kg−3) af  tw  co cutive experimenta  seasons of s ybea cul ivati n according to application method (AM: WA = 
whole are ; BR = bet en ws) nd tr me ts (co tr l, conv ntio al fertil z tion (CF), and CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA BR WA BR  BR WA BR 
 I xperime al season ____________________________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26  2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 . 8 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .  aA ^ 4  7  ϰ  8 6 B ^ 3 4 b   .0   1.2 A ^ 
7 5 CSS .43 a  ^  c  .  ^ .2 bB ϰ 5   #^ 9 2 c  ϰ#^ 1.3 b   0.8   
0.0 .  bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1    6 7 B 35.9 a   2 0 ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 a 27 ^ 9.8 a  28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48  .30  3 7 9 73 * 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 2 63 NS . 6  
(AM) × (CSS) 9.71 ** 8 51 ** 6.44 * 12 51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II xperimental season ____________________________________ 
Control ,19 ϰ .   7.7 ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 4 0  15.1 #^ 1.4 #^ 
5.0 0 24  ϰ^ 0 28 b  ^ 5  .  3  bc ^ 7.1  1.2 cB  .5   
7 5 CSS 7  3 b 1.4 .6  8. ϰ .9 18.7 ϰ 1.8 b  #^ 1.7 c  #^
0.0 26 b ^ 1  #^ .  .7 7 bB ϰ#^ 3 0 ^ 6.7 ϰ#^ .6 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 NS 2.4  S 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.5  3 5 36.42 ** 
(AM) × (CSS) 6.81 ** 0 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low – .2  –0.2 4 0 .  0–0.5
M dium 0.21–0.60 .3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
* ** a d NS—ind c t  significa ce t p ≤ 0.05, p ≤ 0.01, and not significant, r p ctiv ly. S g ificant differences (p ≤ 0.05; Tukey test) b tw e  CSS rates (lowercase 
l tt rs)  l c t o  hods ( pperc s  l tters) ar  indicat d by different letters after means within the am colu . S gnificant differences (p ≤ 0.05; Dunnett 
t st) mo g  atments are indicat d by differ t symbols (ϰ, #) aft r th  ea s w thin th  ame colu . S gnific nt differences (p ≤ 0.05; T key test) among the 
r m ts for d ff t xperimen al easons (I v . II) are i dica ed by th pr senc of the caret symbol (^) ft r the m ans within the same column. 1 Raij et al. [35]. 
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T ble 3. S il m r rie t c tr ti  (mg kg−3) af wo co s cutive xp r ment l seas s f soybe cultivation according to application method (AM: WA = 
whol  ar ; BR = between ws) d treatme ts (cont l, conventio l fertil z tion (CF), and CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR 
  I experimental season __________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .2  ^ 0.41 b ^ 2.4 c  ϰ^ .6 aA  7  8.6 B  32.4 ab   .0   1.2 A ^ 
7 5 CSS . 3 A 0.31 cB 2.7 a  ^ .2 bB ϰ 5  21 ϰ 1   29  cA ϰ#^ 1.3 b   0.8   
.0  0.35 bB 0.6  A ^ .4 B ϰ^ .6 aA 1 ^    6.  B  5.9   .0 aA ^ 1.1 aB ϰ^ 
12. CSS . 3 a ^ 0.45 b  2.6 abA ^ .  bA ^ 2 a  27  ^ 29.8 aA ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 S 9.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71 *  8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season __________________ 
Control , 9 ϰ .   7 7 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5 0 0 24 ϰ^ 0.28 b ^ 1.5 .  .3   1 c  ^ 7.1  17.   1.2 cB  .5   
7 5 CSS 0. 7  0 31 b  1.4 .6 .    8.7  ϰ 8.9 #^ 8.  ^ .8 b  #^ 1.7 c  #^ 
0 0 . 6 b ^ 1  # . .7 7.0 b  #^ 23.0 a ^ 16.7 ϰ#^ .6  .5 a   2.8 aA ^ 
12 5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20. aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 NS 4  0.85 NS 20.97  
CSS rates 37.49 *  4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low – .2  0–0.2 4 –1.2 0–0.5
Medium 0.21– .60 0.3–0.8 5– 2 .3–5.0 0.6–1.  
High >0.60 >0.8 12 >5.0 >1.2 
*, ** a d NS—i c te ig ifica c  p ≤ 0.05, p ≤ 0.01, a d o  sig ificant, e ectively. i ifica t iffer ces (p ≤ 0.05; T key test) b tw  CSS ates (low r ase 
le s) r p li ti  ho ( pp rc s ) ar  n cated b  diff re t l tt rs aft r m ans with n the sam  colum . Si ificant diff rences (p ≤ 0.05; Dunnett 
e t) m g th tr t nt ar  i c ted by differen  sy bols (ϰ, #) aft r the ans within he sa e colu . S ificant differ s (p ≤ 0.05; T key test) mo g the 
r ments f r diff ren exp imen al e so (I v . II) ar i dica ed by the p se c  of the caret symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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T  3. Soil m r utrie t o ce trati n (mg k −3) aft wo s cutive xperime tal s asons of soybe  cultivation according to application m thod (AM: WA = 
whole e ; BR = be ween w  a d trea me ts (co tr l, co ventio al f rtilization (CF), nd CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A  BR WA BR 
  I xperimental season ____________________________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 8 cB ^ 0.4  bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7  ^ 8.6 B  32 4 bA ϰ  .0   1.2 A ^ 
5 CSS 3 aA  0.31 c  .7 a  ^ .2 bB ϰ 5   b   1  29.2 c  ϰ#^ 1.3 b   0.8   
0 0  .35 bB 0.64 aA ^ .4 B ϰ^ 2.6 aA 1    6 7 B  35.9   .0 a  ^ 1.1 aB ϰ^ 
12. CSS 0.4 ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 a 27 ^ 9.8 aA 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 S 9.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71 ** 8.51 * 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II xperimental season ____________________________________ 
Control ,19 ϰ .   7 7 9.  ϰ^ 0.6 ϰ 
CF 0.42  1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  .24  ϰ^ 0.28 bA ^ .5 ^ .   .3  7. bc ^ 7.1  1.2 cB  .5   
5 CSS 7   0 31 b  1.4 ϰ^ 1.6  .    1 .7 b ϰ 9 18.7 ϰ 1.8 b  #^ 1.7 c  #^ 
0.0  26  ^ 1  #^ .  .7  7 bB ϰ#^ .0 aA ^ 16.7 ϰ# .6 .5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6  .6  20.5 aA ϰ 5.7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2 4 0.85 NS 20.97  
CSS rates  37.49 ** 4. 9 * .5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 8 2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low –0.2  –0.2 0 4 –1 2 0–0.5
M diu  0. 1–0.60 .3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 12 >5.0 >1.2 
*, ** a d NS—i di at  s g ificanc  a p ≤ 0.05, ≤ 0.01, and ot si i i a t, r s ctively. S gnifica t diff rences (p ≤ 0.05; Tuk y test) b tw  CSS rates (lowercase 
le s) r appl tio e hods ( pperc s  e t r ) ar n icat d by diff re t l ters fter m ans within th  same colum . S gnific nt differ nces (p ≤ 0.05; Dunnett 
) mo g t at ts  i dica d y different y bols (ϰ, #) a t r the s withi t e same colu . S g ificant diff r nces (p ≤ 0.05; T key test) mong the 
reat nt  f r iffer exp rimental s ns (I vs. II) r  indicated by he pr s nc of the c ret sy bol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il i ronu e t con ntration ( g kg−3) after tw  co se tive experimental se sons of soybean cul vation a cording to application method (AM: WA = 
h l  area; BR = betw e ro s) and treatments (control, conventional f rtilizatio  (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ___________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 # 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 a ϰ^ 27 aA ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA 0.3 c 2.7 aA ^ 2.2 bB ϰ 25 ϰ^ 21 b ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0 35 bB 0.6 a ^ 2.4 bB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0 43 0. 5 b  2 6 bA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 5.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ___________________________ 
Control 0,  ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0  15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0 28 bA ^ 1.5 ϰ .6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.  ϰ#^ 17.  ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 ^ 0 31 bA 1.4 ϰ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.  CSS 0. 6 b 0.41 a 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2.  CSS .37 aB  0.44 aA  1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS .45 S 0.85 NS 20.97 ** 
CSS rates  37. 9 ** 4.59 * 4.55 * 3.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ___________________________ 
Low –0.20 0–0.2 0–4 0–1.2 –0.5 
M dium 0. 1– 6 0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS— nd cate signif ca a p ≤ 0.05, p ≤ 0.01, an  not s g ifi n , respec ivel . Sig ificant differ n e  (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters)  appl ti n m thods ( pp case let s) are in ica ed by iff rent letters after ans wi hin he same col m . Significa t differences (p ≤ 0.05; Dunnett 
test) among e tr tm nts r indica d y di f re t y b ls (ϰ, #) aft r t  ea s it i t e sa e c l . Significa t differences (p ≤ 0.05; Tukey test) among the 
tr tm t f r iffer exp r ental se so  (I v . II) ar indi t d by the pr sence f th  care sy bol (^) aft r th  eans within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil i onu rie t nce rati n (mg k −3) f er wo o s cutive ex er me tal s as ns f soybe cultivation a cording to application method (AM: WA = 
whol  a ; BR = b tw e rows) and treatme t  (control, co v ntion l fertiliz t o  (CF), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR WA BR 
  I experimental season ___________________________  
Control . 0 ϰ .1 ϰ  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0 #^ 2 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ .6 a  27 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 a   0.31 cB 2.7 a  ^ .2 bB ϰ 5  21 ϰ 9.1 A 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA 1 ϰ^   6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 51 * 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _ __ _ II experimental season ___________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.4 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0  0.24  ϰ^ 0.28 bA ^ 1.5 . .3   17 7 c  ^ 7.1  17.   1.2 cB  .5   
7 CSS 0. 7b  ^ 0.31 bA 1.4 ^ .6  .  A  8.7 b  ϰ 8.9  18.7 ϰ#^ 1.8  #^ 1.7 c  #^ 
0 0 .26 b  ^ . 1  #^ .  .7 17.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.  aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4. 9 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9 11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  .0 8.2 9.8 14.6 
 _________ Interpretation limit 1 ___________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0. 1– 6  0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** an NS— ndicat sig ifi ance a  p ≤ 0.05, p ≤ 0.01, nd n t significa t, res c ively. ignificant iffer nces (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
let s) or applica io metho s (upp rcase t ) ar nd cate  by different l tt s fter means with n the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
t) a ong h tre tmen s ar  i d t d y d fferent sy bol  (ϰ, #) a ter the m a s within the same column. Significant differences (p ≤ 0.05; T key test) among the 
r atment  fo  i fe t xp rim ntal s ason (I vs. II) ar  indicated by the p esence f the care  sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentrati n ( g kg−3) aft r two co secutive experimental seaso s of soybe n cultivation accordi g to applicati  meth d (AM: WA = 
whole area; BR = between ows) and treatments (control, conv ntio al fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control . 0 ϰ 2.1 ϰ^ 2  ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5.0 SS .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab  ϰ#^ 1.0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ^ 21 b   29.1 aA ϰ#^ 29.2 bc  ϰ  1.3 b  ^ 0.8 aB ϰ^ 
10.0 SS .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 21 aAϰ^ 27 a  ϰ^ 6.7 B ϰ#^ 5.9 a  ϰ#^ 2.0  ^ 1.  aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 N  3.77 NS 19.7  ** 11.62  
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS .16 *  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ 1.4 #^ 
5.0 SS 0.24 bA ϰ  0.28 b  ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ .2 c  # 1.5 c  #^ 
7.5 CSS 0.27bA ^ 0.31 b  1.4 ϰ  1.6 ^ 17.0 bA ϰ#^ 18.7 b  ϰ 18.9 ϰ#^ 18.7 ϰ  1.8 bA #^ 1.7 cA #^ 
10.0 SS .26 b  ^ 0.4  aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ  15.6 #^ 2.5  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 N  2.4  NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I terpretatio  limit 1 ________________________________________________________________________ 
Low 0–0.20 –0.2 0 4 –1.2 –0.5 
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, a  not significant, respectively. Signifi nt differences (p ≤ 0.05; Tukey t st) between CSS rat s (lowerc se 
letters) or application methods (upp rcase letters) are indicated by different l tters fter means within the sam  colu n. Significant differences (p ≤ 0.05; Du ett
test) among the treatments are indicate  by differ nt symbols (ϰ, #) after t e mea s within th  same colum . Significant iffer nces (p ≤ 0.05; Tukey test) a ong t  
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micro utrient concentration (mg kg−3) after two consecutive experime tal s sons f s yb  cult vati  accord g to pplicatio m tho  (AM: WA = 
whole ar a; BR = between rows) and treatments (contro , conven al f r ilization (CF), d CSS increasing r es—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experiment l season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 2 ϰ^ 3 .8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0. 1 b   2.4 bcB ϰ^ 2.6 a  ^ 24 aAϰ^ 27 a  ^ 8.6 aB ϰ#^ 2.4 b  #^ 1.0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 a ϰ  21 b  ϰ 29.1 aA ϰ#^ 29.  bc  ϰ#^ 1.3 b  ^ 0.8 a  ϰ^ 
10.0 CSS 0.35 bB ^ .64   2.4 abB ϰ^ .  A ^ 1 Aϰ^ 7  ϰ^ 26.7 aB ϰ#^ 35.9  ϰ#  .0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77  19.73 ** 11.  ** 
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 *  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.  #  1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28   1.  ϰ^ .6 ^ 17.3 bA ϰ#^ 17.7 cA ^ . ϰ#^ 17.1 ϰ#^ .2 cB # 1.5 cA #^ 
.5 CSS 0.27bA ^ 0.31 A 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 b  ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ .7 cA #^ 
10.0 CSS 0.26 bB ^ .41 A  1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 1 .6 #  .  aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  N  0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13. 5 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.2  NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ I erpretat n limit 1 ________________________________________________________________________ 
Low 0–0.20 0– 2 0 4 0–1.2 –0.  
Medium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.  
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— n i ate significance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, r spe tively. Significant differ nces (p ≤ 0.05; Tuk y test) betw en C S rates (lowercase 
etters) or application methods (uppe case l tters) are indicated by dif re t letter  after an  within th  same colu n. Significant ifferenc  (p ≤ 0.05; Du n tt 
test) o g the treatments are dic ted by different symbols (ϰ, #) after the a s within the same c lum . Significa t differe ce  (p ≤ 0.05; Tukey test) ong th  
treatments for diff rent experimental se sons (I vs. II) are indicat d by the pres nce of the caret symbol (^) after the m ans within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrien  concentration (mg kg−3) after two consecutive experime tal easons of soybean cult v io  accord ng t  application method (AM: WA = 
whole area; BR = b tween rows) a d treatments (control, conventional fe tiliz tion (CF), and CSS increasin  tes—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 _________________ I experimental season _________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ
CF 0.26 #^ 2.3 ϰ^ 4 ϰ 2 .6 # 0.  ϰ^ 
5.0 S 0.28 c 0. 1 ^ 4 bc  ϰ^ 6 a  ^ 4 ϰ^ 27 a ϰ^ 28.6 a ϰ 32 4 ab  ϰ#^ .0  ϰ 1.2 a  
7.5 CSS 0.43 a ^ 0.31 c  2.7 aA ^ .2 B ϰ 5 a ϰ^ 21 b  ϰ 29 1 aA ϰ#^ 29.2 bc  ϰ#^ 1.3 b  ^ 0.8 ϰ^ 
.0 0.35 bB  .64   4 B ϰ^ .   ^ 1 ^  ϰ^ 26.7 aB 5 9  #^ 2.0 ^ 1.1 B ϰ^ 
12 5 CSS 3 a  ^ 0.45 bA 2.6 abA ^ 2.  bA ^ 5  27 aA ϰ^ 29.8 aA ϰ#^ 28.  cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 ** 11. 2 * 
CSS rates 35.9  ** 0.42 NS .27 .63 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** .44 ** 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________ II experimental season _________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ .3 ϰ^ # 1 .1 #^ 1.4 #^ 
5.0 S 4 ϰ^ 0.28  ^ .5 ϰ^ 1.  ^ .3  ϰ#^ 17. c  ^ 1 .1 ϰ#^ 7.1 ϰ#^ .2 cB # .5 #^ 
7.5 CSS 27  ^ 0.31 A 4 ϰ^ 1.6 ^ 1 A ϰ#^ 18 7 bA ϰ 8.9 ϰ#^ 1 7 ϰ#^ 1 8 b #^ 1 c #^ 
.0 0.26 bB 1  .  ^ .7 ^ 1 .0 bB ϰ#^ 23.0 aA  6 7 ϰ#^ .6 #^ 2.  a ^ .8 a  
12 5 CSS .37 B ^ 0.44 aA # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4 NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * .55  3. 5  36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
_____  I terpretation lim t 1 _________________
Low 0–0.20 0–0.2 –4 0–1.  0–0.
Medium 21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i d te signific nce at p ≤ .05, p ≤ 0.01, and not s ca , respectively. Significant differences (p ≤ 0.05; Tukey test) betwe n CS  ates (lowercase 
letter ) or applicati  method  (upp rcase lett s) are in ica d by different lett r  after eans w thin the sa e colum . Significant differe ces (p ≤ 0.05; Dunnett 
est) a ong he treatm nts are i icated by different symbols (ϰ, #) after the means with n the sam  colum . Significa t diff rences (p ≤ 0.05; T key test) a o g the 
treat ents for different exp rime tal seasons (I vs. II) are indicated by the presenc  of t  caret ymbol (^) after the means within the same column 1 Raij et al. [35]. 
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Table 3. Soil micr utrient con entration (mg kg−3) after t  c secutive experimental easons of soybea  cultivat on accord ng t  applicati n method (AM: WA = 
whole area; BR = be w en rows) d treatments (control, c ventional fe tiliz tio  (CF), and CSS increasin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA  WA BR WA BR WA BR
 ____________  I experimental seas n _________________  
Control . 0 ϰ .1  2 ϰ^ 3 .8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ^ 24 ϰ 5.6 #^ 0.  ϰ^ 
5.0  28 0 41 b  4 c  ϰ^ .6 a  ^ 4 ϰ 27 a ϰ^ 28.6  ϰ#^ .4 a   1.0  ϰ 1.2 a  ^ 
7.5 CSS 0.43 a ^ 0.31 cB 2.7 a ^ . B  25 a 21 b 29.  a  ϰ# 29.2 bcA ϰ 1.3 b  8   
0 3 B 0.64 aA .4 B ϰ^ .6 a  ^ 1 ϰ     6.7 B 35.9 a   .0 aA ^ 1 1 aB ϰ^
12.5 CSS . 3 a  ^ 0.45 bA .6 abA ^ 2.5 bA ^ 5 ϰ 27 aA ϰ^ 29. aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.62 **
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 * 5 3 ** 
V (%) 8.4 6.3 9.7 6 2 24.8 
  II experimental season _________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0 42 #^ 1.3 14.  # 5.1 #^ 1.4 #^ 
.0  . 4  ϰ^ 0.28 b  ^ .5  1.  ^ .3  ϰ  1 .7bc  7 1 ϰ#^ 7.1  1.2 cB  1.5   
7.5 CSS 7b  0.31 bA . ϰ^ 1.6 ^ .  A 18.7 b  ϰ 8.9 1 7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0  0.  b  ^ . 1  #^ .  .7 7 0 b 23.0 aA 6.  ϰ#^ .6  2.5 a  ^ 2.8 a  ^ 
12 5 CSS 37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.  bA 
F-test  
AM 48.76  3. 4  2.45 NS 85 NS 20.97  
CSS rates  37.49 ** . 9 * 4.55  3.15 *  36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6 46 ** 
CV (%) 9.0 .0 8.2 9 8 14.6 
 In rpretat on l mit 1 _________________ 
Low 0–0.20 0– .2 0–4 –1.2 0– 5 
Medium 21–0.60 0.3–0.8 5–12 1.3–5.0 . –1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** and NS—i di ate significa ce t p ≤ .05, p ≤ 0.01  a d not signifi ant, respect vely. Significant iff rences (p ≤ 0.05; Tukey test) betwe CSS rates (lowercase 
letters) or application metho  (uppercase letters) a e in icate  by ifferent lett rs after mea s within the me colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are in icat d by di f ent symbols (ϰ, #) af er the mea s within the ame colu n. Significant diff rences (p ≤ 0.05; T key test) among t e 
treatme ts for differ t experimental seasons (I vs. II) are i dicated by th  presenc  of he caret symbol (^) after the m ans within th  s me column 1 Raij et al. [35]. 
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Table 3. Soil micronutri nt centrati  (mg kg−3) aft  o co secutive experi enta  se so s f s ybea  ultivati  according to applicati  method (A : WA = 
whole area; BR = betwe n r ws) and tr atments (control, convention l fert lization (CF), and CSS increasing ate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA A BR WA BR
 I experimental season ____________________  
Control 0.20 ϰ .1 ^ 2 ϰ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 3 ϰ 2   2 .6 #^ 0.6 ϰ^ 
5.0 0.28 cB 0.41 bA ^ .4 bcB ϰ^ .6 aA 4 ϰ 7 a  ϰ 28.6 aB ϰ#^ 2.4 bA ϰ#^ .0  ϰ 1.2 aA  
.5 .43 aA ^ 0 1 c  2.7 aA ^ .2 bB ϰ 25  9.1 a  ϰ#^ 29 2 bc  ϰ#^ 1.3 b  ^ 0.8   
0.0  35 bB  .6 a  ^ .4 B ϰ^ 2.6 a   1  ^ 26.7 aB  5.9 a  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.  CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2 a  27 a  ^ 29 8 a  ϰ#^ 28.  cA ϰ#^ 1.4 bA 1.  aA 
F-test 
AM 50.48  .30  .  NS 19.73 ** 1 .  * 
CSS rates 35.9   0.42 NS 3.27 * 2. 3 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # .1 #^ 1.4 #^
5 0 0.24  ϰ^ 0.28 b  ^ .5 .  .3 7bc   7.1 ^ 17.1 ϰ ^ 1.2 cB # .5   
7 5 7 A 0.31 A .4  .6 . A ϰ#^ 8.7 ϰ 18.9 18. ϰ#^ 1.8 b  #^ .7 c  #^ 
0.0  0 26 bB 1  ^ .  .7 1 .0 bB ϰ#^ 3 0 ^ 6.7 ϰ ^ .6 #  2.5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.  aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # .2 bA 
F-test  
AM 8.76  3.44 NS 2 4 S 0.85 NS 20.97  
CSS rates  37.49 * 4.59 * 4.5   13.15 ** 36.4  * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpret tion limit  ____________________ 
Low –0.20 0– .  0–4 –1.2 –0.5
Medium 0.21–0.60 .3–0.8 5 12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in icat sig ifican e at p ≤ 0.05, p ≤ 0.01, and ot significant, res ectively. Sig ifi ant differ c s (p ≤ 0.05; Tuke  test) betwe  CSS rat s (lowercase 
letters) r appli tion m tho s (uppercase s) are indic ted by differen  letter after ea s withi  the same column. Sig ifi ant iff rences (p ≤ 0.05; Dunnett 
est) amo g he trea ments ar  indicate by different sy bols (ϰ, #) after the mean withi  the sa e column. Si nifi ant differ nces (p ≤ 0.05; T ke est) a ong the 
t eatments for differen ex erimental s sons (I vs. II) are indicated by the p esence of th  aret symbol (^) after the mean  within the same column. 1 Raij et al. [35]. 
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T ble 3. Soil mi ronutrient conce rati (mg kg−3) aft r t o ons cutive experime tal seas s f s ybean cultivati n accor ing to application method (AM: WA = 
wh le a a; BR = betwee  ows) and t ts co tr l, co ve tional fertiliz tio (CF), nd CSS incre sing r tes—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season __________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 3 .8 ϰ^ 0.5 ϰ
CF 0.2 #^ 2 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^
5.0 0.28 c 0.41 b ^ 2.4 bc  ϰ^ 2 6 a ^ 24 a ^ 27 ^ 8.6 a ϰ 2 4 ab  ϰ#^ .0  ϰ 1.2 aA 
7 5 .43 a ^ 0.3  cB .7 a  ^ 2. B ϰ 5 ϰ  2  A ϰ 1 a ϰ#^ 29 2 c  ϰ#^ 1.3 b  ^ .8  ϰ^ 
0.0 0.35 bB  .64 a  ^ 4 B ϰ^ 2.6 a ^ 1  ^ 6 7 B  35.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 b  2.6 abA ^ .5 abA ^ 25 a ϰ 27 ^ 29.8 a  28  c  ϰ#^ 1.4 bA .3 aA 
F-test
AM 50.48 ** . 0  .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.9 ** 0.42 NS 3.27 .63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 * 6.44 * 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _____________  II experimental season __________________ 
Control 0,19 ϰ .  ϰ^ 17 7 ϰ^ 9.  ϰ^ 0.  ϰ
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.  #^ 1.4 #
5.0  .24  ϰ^ .28 ^ .5 ϰ^ .  .3 #^ . bc ^ .  .  ϰ  1.2 cB # .5  #^ 
7.5 SS 0. 7  ^ 0 31 bA 1 4 ϰ^ 1.6  .   #^ b ϰ .9 # 18 ϰ 1 8 b #^ 1 7 c #^ 
0.0  0. 6 bB 1 ^ .  ^ 1.7  7.  bB ϰ#^ 2 aA  16 ϰ ^ .6 # 2.5 a  ^ .8 a  ^ 
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6  20.5 aA ϰ 5.7 cB ϰ#^ 2.1  15.5 #^ 1.3 cA # 2.2 bA 
F-test
AM 48.76 ** 3.44 N  2.4  NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * . 5  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 .0 .2 9.8 14.6 
 I erpretation l mit 1 __________________
Low –0.20 0–0.2 –4 –1.2 0–0.5
Medium . 1–0.6  0.3– .8 –12 1.3–5.  .6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** and NS—i dicate sig ificance a  p ≤ 0.05, p ≤ 0.01, and not signif ca t, resp ctively. S gnificant iff rences (p ≤ 0.05; Tukey test) betw en CSS rates (lowercase 
l tters) r a plic tio methods (upp c s  le ters) are in ic t d by different let ers fter m ans withi the sa e colum . S g ificant differences (p ≤ 0.05; Dunnett 
te ) a o g the t t en  are i icat d by differ nt sy bols (ϰ, #) a ter th ans within the same colu . S g ificant differences (p ≤ 0.05; T ke  test) amo g t e 
reatm nt for ifferent exp rim n al eas ns (I vs. II) are indicat d by the pres nc  of the car sy bol (^) after th  means within the same column. 1 Raij et al. [35]. 
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Table 3. S l micr tri nt c centrati n ( g kg−3) ft r two ns cutiv  experime t l e sons f ybe  ultiv ccordi g t  applicatio  metho  (AM: WA = 
whol  ar ; BR = b we n row ) and t ents (control, conventio al f rtiliz tion (CF), a d CSS increasing r tes—Mg h −1 on a wet basis). 
Treatment  
 Cu Fe Mn Z  
WA BR WA BR WA BR WA BR WA BR 
 I experimental season ____________________ _____________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
F 0.26  2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  0. 8 cB ^ .4  bA ^ .4 cB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 a  ϰ^ 8.6 aB ϰ#^ 32.  ab  ϰ#^ 1.0 bA ϰ 1.2 a  ^ 
7.5  0.43 aA ^ 0.3 cB 2.7 a  ^ 2.2 B ϰ 25 a ϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bc  #^ 1.3  ^ 0.8 aB ϰ^ 
10.0 C S 0. bB ^ .64 a  ^ 2.4 abB ϰ^ 2.6 a   21 a ϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ .0 a  ^ .1 B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48 ** 0.30 NS .7  N  19.73 ** 1 . 2 ** 
SS rates 35.91 * 0.42 NS .27 * .63 NS 5.1  * 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________ _____________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
F 0.42 #^ .3 ^ 4.0 # .  #^ 1.  #^ 
5.0  0.24 A ϰ^ .28  ^ ϰ^ 1.6 17.3 bA ϰ#^ 7.7 c  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 SS 0.27 A ^ 0.3  bA 4 ϰ^ 1.6 1 .0 b  ϰ#^ 18.  bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 C S 0. 6 bB ^ 0.41 a  #^ 1 6 ^ 1.7  1 .0 bB #^ 3. aA ^ .7 ϰ#^ 15.6 #^ 2.  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3.44 NS 2.4  N  0.8  NS 20.97 * 
SS rates  37.49 ** 4.59 * .55  13.15 *  36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.  ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I erpr t ti n limit 1 ____________________ _____________________ 
Low 0– 20 .2 0–4 0 1.2 0 5 
Me ium .21– .6  .3–0.8 5– 2 .3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—in icat s gnif ca ce   ≤ 0. 5, p ≤ 0.01, d ot si nif c t, r spectively. Sig ificant diff r s (p ≤ 0.05; Tukey test) b wee  CSS rates (lo ercas  
l er ) r applicatio  m t ds (upp rcas  l tt ) ar  ica   iff r t l ter  aft r m s w thi  the same colum . Significant diff renc s (p ≤ 0.05; Dunn tt 
) among e tre tm nts ar  i dica ed by diff r  sy b ls (ϰ, #) ft r  me  w thin th same c lum . Si nific t diff re c s (p ≤ 0.05; Tukey test) among the 
tr tm ts for d ff t ex rime tal sea o s (I vs. II) r  indicated by he presence of c ret y bol (^) after e me ns within he same column. 1 Raij et al. [35]. 
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T bl  3. o l mi o utri t c ce trati  (mg kg−3) ft r two s cutive experimental seas s of s ybea  ultivation c rding to ppli tion method (AM: WA = 
wh l  r a; BR = between rows) and tr atm nts ( o trol, conve tio al fertilization (CF), nd CSS i creasing rates—Mg h −1 on a wet basis). 
Treatment  
B Cu F  Mn Zn 
 BR WA BR WA BR WA BR WA BR
 ______________________  I experimental season __________________ _____________________  
Control .20 ϰ 2.1 ϰ^ 2 ϰ^ 3 .8 ϰ^ 0.  ϰ 
F 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0  0. cB  .4  ^ .4 cB ϰ^ 2.6 aA ^ 4 aAϰ^ 27 a  ^ 28.6 aB ϰ#^ 32.4 a  #^ 1.0 b   1.2 aA ^ 
7.5  0 43 aA ^ .31 cB 2.7 a  2.2 bB ϰ 25 ϰ^ 1 bA ϰ 29.1 a  ϰ#^ 29.2 bc ϰ#^ 1.3  ^ 0.8 aB ϰ^ 
10.0 CSS 0 5 B ^ .64 ^ 2.4 abB ϰ^ .    1 ϰ^ 7 A ϰ^ 6.7 B ϰ#  35.9 A ϰ#  2.0   .1 B ϰ^ 
12.  CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS .7  NS 19. 3 ** 11.  ** 
SS rates 35.91 * 0.42 NS 3.27  .63 NS 5.16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental seas n __________________ _____________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
F 0.42 #^ 1.  ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ^ . 8 ^ 1.5 ϰ^ .6 7.3 bA ϰ#^ 7. bc  ϰ^ 1 .1 ϰ#^ 17.1 ϰ#^ 1.2 c  # 1.5 c  #^ 
7.5 SS 0. 7 ^ .3 bA 1.4 ϰ^ 1.6 17.0 b ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 A #  1.7 c  #^ 
10.0 CSS 0 6 bB ^ . 1 A #^ 1.6 ^ .7 ^ 17.0 bB #^ 23.  aA  .7 ϰ#^ 15. #^ 2. a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48. 6 * 3.44 NS 2.  NS 0.8  NS 20.97 * 
SS rates 37.49 * 4.59 * 4.55 * 3. 5 * 36.42 *  
(AM) × (CSS) 6.81 * 0.29 NS 19.11 ** 2.94 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  In erpr tation lim t 1 __________________ _____________________ 
Low 0–0.2  0.2 0–4 1.2 0 0.  
Medium 2 – .6  0.3– 8 5–12 1.3–5.0 .6– .2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS— nd cate sig ificanc  t p ≤ 0.05, p ≤ 0.01, a d n t ign f a t, resp ctiv ly. Signifi t diff renc s (p ≤ 0.05; Tukey test) be ween CSS rat s (lowercase 
lett rs) r applicat on eth d  (uppercase tt rs) ar  indica ed by differ  tters ft r a s with th  sam  colu . Significa t differ nces (p ≤ 0.05; Dunnett 
t s  m ng th  tr atm ts re i icat  differ nt symbols (ϰ, #) after  a s with  the same c lum . Significant differences (p ≤ 0.05; T k y t st) a ong the 
reatm ts f r d ff rent expe im ntal s asons (I vs. II) are i dicat d by the pres nc of e c r t symb l (^) after e means within the same column. 1 Raij et al. [35]. 
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Tabl  3. Soil mic onutrie t conce tr ti  ( kg−3) ft r wo c s cutive xperiment l seas s f soybea  cultivat on according t  applicatio  meth d (AM: WA = 
wh le area; BR = b tween rows) a d tre ments (control, convent onal fertilizatio  (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 I expe imental season ______________________________________  
Control . 0 ϰ .1  2 ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ^ 
5.   ^ . b 4 c ϰ^ .  4 ϰ ^ 8 6  ϰ  32.4 a  .  ϰ 1.  aA ^ 
7.  .  ^ 0.31 cB .7 a ^ .2 B ϰ ϰ  1 ϰ .1 ϰ#^ 9. bc  ϰ#^ .3  0.8  
0 B 0.6 aA .4 B ϰ^ .6 aA 1 ϰ^   6.  B  35.9   0 ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 5 ϰ 27 aA ϰ 29.  a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48  .30  3.77 NS 9 7 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.2  * 2 3 NS . 6  
(AM) × (CSS) 59.7  ** 8.51 ** .44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ______________________________________ 
Control , 9 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14 # 5.  #^ 1.4 #^ 
5.  . 4  ϰ^ 0.28 bA ^ 5  1.   3 A  7. bc  ^ 7.1 #^ 7.1 ϰ#^ .2 cB  1.5   
7.  .27b  ^ 0.31 bA 4 ϰ^ .  ϰ#^  ϰ 8.9 #^ .  .8 b  #^ 1.7 cA #^
.0 6 b ^ .   #^ . .7 7.0 b 23.0 a  16.7 ϰ#^ .6 .5 a  2.8 aA ^ 
12.5 CSS .37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA  15.7 cB ϰ#^ 12.1 ^ 5.5 #^ 1.3 c  # 2.2 bA 
F-test  
AM 48.76 *  3.44 S 2.45 NS 0.85 S 20.97 *  
CSS rates  37.49 ** 4.59 * 4. 5 3 5 36. 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________ I erpre at o  limit 1 ______________________________________ 
Low 0–0.20 0–0.2 –4 0 .  0–0.  
Me ium .21–0.6  .3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dicat sig ifica e p ≤ .05, p ≤ 0.01, a not signif ca t, sp ct vely. Sig ifican  differ nces (p ≤ 0.05; Tuk y t st) etwee  CSS rate  (lowercase 
le ters) or a plica ion m thod (up ercas  etters) are ndi ted b  ifferent l t er after e withi  the sam  colum . Significant differences (p ≤ 0.05; Dunnett 
t) a ong th tre t ents are ndicated by differe t sy bols (ϰ, #) fter th  me s within the same colu n. Sig ificant differences (p ≤ 0.05; T key test) amo g the 
tr ments f differ x rim nt l ea o s (I vs. II)  indicat d by he presenc  of th ar t y bol (^) after th me ns within the same column. 1 Raij et al. [35]. 
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T bl 3. Soil mi ronu rie  co e r  (mg kg−3) af r two co s cutive exper mental seas s of soybea cultivati n according to application method (AM: WA = 
whole area; BR = b t e ows) nd r me ts (co tr l, c v tional fertil zation (CF), a d CSS increasing r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA   BR A BR WA BR 
  I xperime al season ___________________________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5 0 0. 8 c ^ 0.41 b ^ 2.4 bc  ϰ^ 2.6 aA 24   ^ 28 6  ϰ  3 4 b   .0  ϰ 1.2 aA ^ 
7 5 CSS .43 a ^ c .7 aA ^ .2 B ϰ 25  2 b  ϰ 1 a ϰ#^ 2 cA ϰ#^ 1.3 b  0.8  
0.0  .  b  0.64 aA ^ .4 B ϰ^ 2.6 aA 1   6 7 B  35.9 a   2 0 ^ 1.1 aB ϰ^ 
2 5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 ϰ 7 ^ 9.8 a  28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48 ** .30  3.77 S 9 73 * 11.62 ** 
CSS rates 35.9  0.42 NS 3.27 * 2 3 NS . 6  
(AM) × (CSS) 59.71 ** 8 51 * 6.44 ** 12 51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II xperimental season ___________________________________ 
Control ,19 ϰ 1.   7.7 ϰ 9. ϰ  0.6 ϰ 
CF 0.42 # 1 3 ϰ^ 14.0  15.1 #  1.4 #^ 
0 .24  ϰ^ 0 28 b  ^ .5 ^ 1.  ^ 3 #  7bc ^ 7.1  1.2 cB  .5   
5 CSS  b 1.4 ϰ  1.6 ^ A  8.7 ϰ 8 9  8.7 ϰ 1.8 b  #^ 1.7 c  #^
0.0  b ^ 1  #^ . .7  17 bB ϰ#^ 3 0 ^ 6.7 ϰ#^ .6 .5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20  a  ϰ 15.7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 3.44 NS .45 S 0.85 NS 20.97  
CSS rates  37.49 ** 4. 9 * 4.55 3 5 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Int r tation limit 1 ___________________________________ 
Low – .2  .2 4 0 .  0–0.  
M dium 0.21–0.60 .3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** a  NS—i d ca e significa e at p ≤ 0.05, p ≤ 0.01, an  ot sign ficant, r spectiv ly. S g ifica t diff rences (p ≤ 0.05; Tukey test) bet e  CSS rates (lowercase 
l t )  a licatio  h ds ( pperc s letters) a e indic t d by differe t letters after mean wit n the sam  colu . S gnificant differences (p ≤ 0.05; Dunnett 
t st) among  t at ents are i dicat d by differ t symbols (ϰ, #) fter th  mea s with n he same colu . S gnificant differences (p ≤ 0.05; T key test) among the 
r m ts for differ t x erime tal e sons (I v . II) are indicated by the pr senc  o th aret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil m onutrien conce tr i (mg kg−3) f wo c n cutive xper me ta  se sons f soybea  cultivation according to application method (AM: WA = 
wh l re ; BR = between ws) a d tr a me ts (co t l, conventional fert l zation (CF), and CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA A BR WA BR 
_____________________________  I xperimental season _____________________________________  
Control 0.20 ϰ .1 ϰ^ ^ 34.8 ϰ^ 0.5 ϰ
CF 0. 6 #^ 3 ϰ^  ϰ 25.6 #^ 0.  ϰ^ 
5 .28 cB .41 b 2.4 bc  ϰ^ ϰ  ^ 8.6 #^ 32 4 ab  #^  ϰ 1.2 aA ^
7 .   1 c .7 a  ^ 2.2 B ϰ ^ 2  1  ϰ#^ .  c  ϰ#^ .3  ^ 0.8  ϰ^ 
0.0  0.35 bB  .6 A ^ 4 B ϰ^ 2.6 a ^ 1    ^ 6 7 B 5.9  ϰ#  2.0  ^ 1.1 aB ϰ^ 
12. CSS 0.43 a ^ 0.45 b 2.6 abA ^ .5 abA 25 a ϰ 27 ^ 9 8 a  28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 0.48 ** .30 S .  S 9.73 ** 11.  ** 
CSS rates 35.9  *  0.42 NS 3.2  . 3 NS .16 ** 
(AM) × ( SS) 59.71 *  8.51 ** 6.44  12.51 ** 5. 3 ** 
CV (%) 8.  6.3 9.7 6.2 24.8 
 _______________________________  II xperimental season _____________________________________ 
Control 0, 9 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ .4 #^ 
5.   0. 4 ϰ^ .28  ^ .5 . ^ .3 #^ ^ 7.1 ϰ  1.2 c  # .5  #^ 
7  27 ^ 1 4 ϰ . ^ #^ 8 7 ϰ 9 8 7 ϰ 8 b #^ 1 7 c #^ 
0.0 0.26 B 1  . .7 ^ 7.  bB ϰ#^ 3 0  6 7 ϰ#^ .6 # .5 a  ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 20.  aA ϰ 15 7 B ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 S 2.4  NS 0.8  S 20.97 ** 
CSS rates  37.49  4.59 * 4.5   13.15 ** 36. 2 * 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I ter retation limit  _____________________________________ 
Low – .2  0–0.2 4 –1.2 0–0.5
Medium .21–0.6  .3–0.8 5 12 .3–5.0 .6– .  
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a  NS—in cate sig ificanc  a  p ≤ 0.05, p ≤ 0.01, a  not sign icant, espectively. S gnificant iffer ces (p ≤ 0.05; T key test) betw n CSS rates (lowercase 
lett rs) r appli ti  e ho s (upperc s ) are icat d by iffere  letters after mea s with  the same colum . S g ificant diff rences (p ≤ 0.05; Dunnett 
est) among th  t atm nts ar  i dicat d by differe symbols (ϰ, #) after the ans with n he sa e colu . S gnificant differ nc s (p ≤ 0.05; T key test) among the 
tre m ts f r diff re experi t e so (I vs. II) are i dicated by the pr se ce of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil m cr u ri t co c trati  (mg k −3) aft  two o s cutive x rime tal s asons of soybe cultivation according to application m thod (AM: WA = 
whol  re ; BR = b ween w  d treatme ts (contr l, convention l fertiliz tion (CF), and CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA  BR WA BR 
 _  I experimental season __________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.  ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 0 8 c  ^ 0.4  b  ^ 2.4 bc  ϰ^ 2.6 a ^ 24 a 7 a ^ 28.6 #^ 32.4 abA  .0   1.2 aA ^ 
.5 CSS 0.4 a  ^ 0.3 c 2.7 aA ^ .2 B  5 a 2   29 1 a  ϰ#^ 29 2 bc  ϰ#^ 1.3 b   0.8   
.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 a  1   6.7 B  35.9   .0 a  ^ 1.1 aB ϰ^ 
12. CSS . ^ 0.45 bA 2.6 abA ^ bA 25 aA  27  ^ 29.8 aA ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 S 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71 ** 8.  ** 6.44 * 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season __________________ 
Control ,19 ϰ .   7 7 ^ 9.  ϰ  0.6 ϰ 
CF .42 #^ 1.3 ϰ^ .0 # 15.1 #^ 1.4 #^ 
5.0  24  ϰ^ 0.28 b  ^ .5 .  ^ 17.3 #^ 7. bc  ^ 17.1 ϰ#  7.1  1.2 cB  .5   
7.5 CSS 0 7b   0.31 bA 1.4 ϰ^ 1.6 ^ 1 .    1 .7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
.0  26  ^ 1  #^ .  ^ .7  7 0 bB ϰ#^ .0 aA ^ 16.7 ϰ .6  .5 a  ^ 2.8 aA ^ 
2.5 CSS 0 37 aB #^ 0.44 aA # 1.6  .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.7   3.44 NS 2 4 0.85 NS 20.97  
CSS rates  37.49 ** 4. 9 4.5  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  I terpr tation limit 1 __________________ 
Low 0– .20 – .2 4 –1.2 –0.5 
Me u  0.21–0.60 0.3–0.8 5–1 1.3–5.0 .6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** a d NS—i di t  ig ificanc at p ≤ 0.05,  ≤ 0.01, a d o  si i ica t, s ctiv ly. Sig ificant diff r nces (p ≤ 0.05; T k y t st) b tw  CSS ates (lowercase 
let s) r appl ion e hods (upperc s le t rs) ar  nd cated by diff re t le t rs after mean within h  sa e colum . Signific nt differ nces (p ≤ 0.05; Dunnett 
es ) mong t tr at e ts a  i c d y diff rent y b ls (ϰ, #) ft r the ea s withi  the same colu . S g ific nt diff r nces (p ≤ 0.05; T key test) mong the 
r tm nt  for iffer xp rim nt l sons (I v . II) r  indicated by pres nc  of the caret sy bol (^) aft r the means within the same column. 1 Raij et al. [35]. 
 
ˆ 5549 aA 4872 aB
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; o : FOR PEER REVIEW www.mdpi.com/journal/agronomy 
T b 3. So l micro u ri t trati n ( g kg−3) af er two c secutive ex r me tal s as ns f soybe n cultivation accordi g to application method (AM: WA = 
whol  are ; BR = be wee  rows) d tr atme ts (control, conv ntion l fertiliz tion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR BR WA BR WA BR 
 _________________  I experimental season ________________________________________________________________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .5  
CF 0. #^ 2.   24 ϰ 25.6 #^ 0.6 ϰ^ 
5.  0.28 c ^ 0.41 bA ^ 2.4 bc ϰ^ 2.6 a 2 ϰ^ 27 aA ϰ^ 28.6 a ϰ#^ 32.4 ab   .0 A ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 bB  25 21  ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 .35 bB ^ 0.6  aA ^ 2.4 abB ϰ  2.6 aA ^ 1 aAϰ   6.7 B ϰ#^ 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.4  aA ^ 0.45 bA 2.6 abA ^ 2 abA 2  a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.4  #^ .3 ϰ^ 14.0 15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 b  ^ .5 ϰ  1. ^ 17.3  ϰ#^ 17.7 c  ϰ^ 17.1 ϰ#^ 7.   1.2 cB  .5 A  
7.5 CSS 0. 7bA ^ 0.31 b  1.4 ϰ^ 1.6 ^ 17.0   8.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #  1.7 cA #  
0 0  .26 b ^ .41 a  #^ . .7 17 0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#  .6  2.5 a  ^ 2.8 aA ^ 
2 5 CSS .3 aB #^ 0.44 aA # 1.6 ^ 1.6 0.  aA ϰ 15 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3. 4 NS 2.45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4.  .55  13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9 11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __ __ __ __ __  I terpretation limit 1 ________________________________________________________________________ 
Low –0.20 0– .2 4 0–1.2 0–0.5 
Medi m 0. 1–0.6  0.3–0.8 5– 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dic significanc  a p ≤ 0 05, p ≤ .01, a not sign ica t, res e tiv ly. ignificant iffer nces (p ≤ 0.05; T key test) betwee  CSS rates (lowercase 
let s) o  applic ion metho s (uppercas ) r indicate  by dif ere t l tt s after means with n the same column. Sig ificant differe ces (p ≤ 0.05; Dunnett 
t t) a o g t e tr atm ts ar indi ated by d ffer t sy bols (ϰ, #) af er the ean  with n the same column. Sig ificant differences (p ≤ 0.05; T key test) among the 
atment for iffe nt xperi ental s on  (I vs. II) are indicated by the p esence of the caret sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient conce trati n (mg kg−3) ft r two c ns cutive experim ntal seaso s of soybe  cultiv ti n ccordi g to applicatio  meth d (AM: WA = 
whole area; BR = between rows) and treatments (con rol, conventio al fe tilization (CF), and CSS increasing rat s—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 2 ^ 34.8 ϰ^ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 SS 0.28 c  ^ 0.41 b  ^ .4 bc  ϰ^ .6 a  ^ 24 a ϰ^ 7 aA ϰ^ 28.6 a  ϰ#^ 32.4 abA ϰ#^ 1.0  ϰ 1.2 aA ^ 
7.5 C  0.43 a  ^ 0.31 cB 2.7 aA ^ 2.2 B ϰ 25 a ϰ^ 21 b  ϰ 29.1 a  ϰ#^ 29.  bc  #^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 SS 0.35 bB ^ .64 a  ^ .4 B ϰ^ 2.6 a   1 ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.91 ** 0.42 NS 3.27  .63 NS .16 *  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 9.  ϰ^ .6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ .4 #^ 
5.0 SS . 4  ϰ^ .28  ^ 1.5 ϰ^ 1.6 ^ 17.3  ϰ#^ 7. bc  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 c  # 1.5 c  #^ 
7.5 C  0.27 A ^ 0.31 bA .4 ϰ^ 1.6 ^ .  A ϰ#^ 18.7 b  ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.8 b  #  .7 c  #^ 
10.0 SS 0.26 bB  .  A ^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA  6.7 ϰ#^ .6 #^ 2.   ^ .8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.4  NS 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55 * 13.15 ** 3 .42  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation li it 1 ________________________________________________________________________ 
Low 0–0.20 0 . –4 1.2 0 0.5 
Medium 0.21– .60 0.3–0.8 5– 2 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, a d not significant, resp ctiv ly. Significant diff re c s (p ≤ 0.05; Tukey test) b twe  CSS r t s (lowercas  
letters) r application methods (uppercase letters) ar  indicated by different letters fter means it i  t e sa e col n. i ific nt iffere ces (p ≤ 0.05; Dun tt 
test) among the treatments re indicate  by differ nt symbols (ϰ, #) after th  m s wit in th  s m  colu n. Significant iffer nce  (p ≤ 0.05; T k y t t) among t  
treatments for different experimental seasons (I vs. II) are indicate  by the presence of the caret symbo  (^) after the means within the same colum . 1 Raij et al. [35].
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Table 3. Soil micro ut ie t concentrati n ( g kg−3) after two co cutiv  xperimental s as s of soybean ultivatio  ccordi g to pplic tion method (AM: WA = 
whol  ar a; BR = be ween rows) and treatments (control, conventional f rtiliza ion (CF), and CSS increasing ates—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________ I experiment l season _____________________  
Control 0.20 ϰ 2.1 ϰ^ 2  ϰ^ 3 .8 ϰ^ .   
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ  2.6 aA ^ 24 aAϰ^ 27 a  ^ 8.6 aB ϰ#^ 3 .4  ϰ#^ .0 A ϰ 1.2 A ^ 
7.5 CS  0.43 aA ^ . 1 cB .7 A ^ 2.2 bB ϰ 25 aAϰ^ 2  b   29.1 a  #^ 9.2 bc  ^ 1.3 b  ^ .8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 1 aAϰ^ 7 aA ϰ^ 26.  B #^ 35.9 a  #^ 2.0  ^ 1.  B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  0.30 NS 3.77 NS 19.  ** 11.62 * 
CSS rates 35.91 *  0.42 NS 3.27  2.63 NS 5.1  *  
(AM) × CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____________________ II experimental season _____________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ .4 #^ 
5.0 CSS 0.24 bA ϰ  0.28 bA ^ 1.5 ϰ^ 1.6 17.3 bA ϰ#^ 7.7bc  ^ 17.1 ϰ#^ 1 .  ϰ#^ .2 cB # 1.5 c  #^ 
7.5 CS  0.27bA ^ 0.3  b  1.4 ϰ  1.6 1 .0 bA ϰ#^ 8.7  ϰ 18.9 ϰ#^ 18.  ϰ ^ 1.8 bA #  .7 cA #^ 
10.0 CSS .26 b  ^ 0.41 aA #^ .6 ^ 1.7 17.0 bB ϰ#^ 3.0  ^ 16.7 ϰ  5.6 #^ 2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 NS 2.4  NS 0.8  NS 20.97 *  
CSS rates 37.49  4.59 * 4.55 * 13. 5 * 3 . 2  
(AM) × CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________ In erp atio  li t 1 _____________________ 
Low 0–0.20 –0.2 0 4 –1.2 –0.  
Medium 0.21–0.60 0.3– .8 5–  1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—in icate significance at p ≤ 0.05,  ≤ 0.01, a  not signif cant, respectiv ly. Signific t differe c s (p ≤ 0.05; Tuk y test) betwe  CSS rates (low rcase 
letters) or applic ti  methods (upp rc se lett rs) re indicat d b  iffer t l tt rs af er m ans within the ame c lu n. Significa t differe ces (p ≤ 0.05; Dunnett 
tes ) among the tr atments ar indicated by diff r nt symbol  (ϰ, #) after e mea s within the same colu . Significa t iff r s (p ≤ 0.05; Tukey t st) mo g t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence f the ca et symbol (^) afte  e means within the same column. 1 Raij et al. [35]. 
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able 3. Soil micronutrie t concentration (mg kg−3) after two c s cutive experime tal seaso s of s ybea cultiv  according to application method (AM: WA = 
whole area; BR = between ows) and treatments (contr l, conventional fe tiliz tion (CF), and CSS incre sin  te —Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe M  Z  
WA BR WA BR WA BR WA BR WA BR 
 ________  I experimental seas n __________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ^ .5 ϰ 
CF 0 26 #^ 2.3 ϰ^ 24 ϰ 2 6 #^ 0.6 ϰ^ 
5.  .28  ^ 1 b  4 c ϰ^ .  a  ^ 4 7 A  8.6  2 4 a A  .   1.  aA ^ 
7   ^ 0.31 c  .7 a  ^ 2.2 B ϰ ϰ  2 bA 1 A ϰ#^ 9 c  ϰ#^ .3 A  0.8   
0  3 B  0.64   .4 B ϰ^ .   ^ 1   6.7 B  5.9   2.0 a ^ 1.1 B ϰ
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27 ^ 29.8 a   28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48  .30  .77 NS 9.73 * 11.62 ** 
CSS rates 35.9   0.42 NS .2 * 2. 3 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _________  II experimental seas n __________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 14.0 # 1 #^ 1.4 #^
5.   0. 4  ϰ^ 0.28 A ^ .5  . 3   17. c ^ .1  7.1  .2 cB  .5   
7.  . 7 ^ 31 A .4 ϰ^ .   .    18.7 b ϰ .9  8.7 ϰ ^ .8 bA #  1.  cA #^ 
0  0.26 b  ^ . 1   .   .7  17.  b  #  23.0 aA ^ 16.7 ϰ .6  2.  a   2.8 A  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 7 cB ϰ#^ 2.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 S 2.45 NS 0.8  S 20.97 *  
CSS rates  37.49 ** 4.59 * .55  3.15 ** 36. 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 .2 9.8 4.6 
__________________ I terpretation lim t 1 __________________ 
Low 0–0.20 0–0.2 0–4 –1  0–0.5 
Medium .21–0.6  .3–0.8 5–12 3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  no  sig ificant, respectively. S gnificant differences (p ≤ 0.05; Tukey test) betw en CSS ates (lowercase 
letter ) or applicati  metho s (uppercas lett s) ar  i cat d  iffere t le ters ft r eans within the same colu n. S gnificant differe ces (p ≤ 0.05; Dunnett 
test) among the treatments are in icated by different symbols (ϰ, #) after the mea s w thin the same colum . S gnificant differences (p ≤ 0.05; T key test) a ong t e 
treatm nts for different exp rimental eas ns (I vs. II) are indicate  by the pr sence f  caret ymbol (^) after the eans with n he same column. 1 Raij et al. [35]  
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Table 3. Soil micr u rie t conc n ration (mg kg−3) after t o co secutive exper me tal easo s of s y ea  cultivation accord ng t  application meth d (AM: WA = 
whole area; BR = betwee rows) a d t t e ts (control, c ve ional fertil z tion (CF), d CSS increasin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA   BR A BR WA BR 
 _ _ __ _ _ _ _ I experimental seas n _________________ 
Control . 0 ϰ .1   ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ  
5 .28 c ^ 0.41 bA  4 bc  ϰ^ .6 aA ^ 4 ^ 7 aA ϰ^ 8.6  2.4 a  #^ .0  ϰ 1.2 a  ^ 
7.5 CSS . 3 a ^ 0.31 cB 2.7 a ^ .2 B 5 ^ 21 b ϰ 29.1 a  ϰ# 29. bc  ϰ#^ .3 b  8   
0.0  .3  B 0.64 a .4 B ϰ^ .6 a  ^ 1 ϰ   6.7 B  35.9   .0 aA ^ 1 1 aB ϰ^ 
12 5 CSS . 3 a ^ 0.45 bA 2.6 abA ^ .5 abA ^ 5 ϰ 7 a  ϰ^ 29.  aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.  aA
F-test  
AM 50.48 ** .30  3.77 NS 9.73 * 11.6  ** 
CSS rates 3 .9  0. 2 NS 3. 7 * 2. 3 NS . 6  
(AM) × (CSS) 59 71 ** 8.51 * 6.44 ** 1 .51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________________________ II experimental season _________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 9. ϰ  0.6 ϰ 
CF 0.42 #^ 1 3 ϰ^ 14.0 # 15.  #^ 1 4 #^ 
0 . 4  ϰ^ 0.28 bA ^ .5  .  .3  ϰ#^ 7.7bc  1 .1 ϰ#^ 7.1  1.2 cB .5   
7 5 CSS .27b   0 31 bA 1.4 ϰ^ 1.6 ^ .  A ϰ#^ 18.7 b  ϰ .9  1 .7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0 .  b  ^ . 1  #^ .  .7 7 0 b  ϰ# 23.  aA 16.  ϰ#^ .6  2.5 a  ^ 2.8  ^ 
12 5 CSS 37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 aA ϰ 15.7 cB ϰ#^ 2.1 #^ 15.5 #^ 1.3 cA # 2.  bA 
F-test  
AM 8.76  3.44 NS 2.45 NS 0 85 NS 20. 7  
CSS rates  37.49 ** 4. 9  4.55  3.15 * 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
_________________ In rpretat  l it 1 _________________ 
Low 0 .20 .2 4 0 . 0– .5
Medium 0.21–0.60 .3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS—i di te significa ce at p ≤ .05, p ≤ 0.01, a  not sign fi ant, respect vely. Sig ificant differences (p ≤ 0.05; Tukey test) betwe  CSS rates (lowercase 
letter ) or a licatio  me o  (uppercase letters) a e in icated by different lett rs after mea s with n the same column. Significant differences (p ≤ 0.05; Dunnett 
t st) among the treat ent  are i icated by ifferent sy bols (ϰ, #) after the mea s with n the same colu n. Significa t differences (p ≤ 0.05; T key test) a ong t e 
tr atme ts fo  differe t experimental seas ns (I vs. II) are ndicated b the presenc o  the caret sy bol (^) after the means within the same column 1 Raij et al. [35]. 
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T ble 3. Soil micro ri t concen rati  (mg kg−3) aft  wo co secutive experi enta  se s s of s ybea  ultivati  according to applicati  method (A : WA = 
whole ar a; BR = between r ws) a d tr atments (control, conventional fert lization (CF), and CSS increasing ate —Mg ha−1 on  w t basis). 
Treatment  
B Cu Fe M Zn
WA BR WA BR WA  A BR WA BR 
 ________ __ _ __ __ __ __ ____________________ I experimental season ____________________  
Control . 0 ϰ .1 ^  ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 # 2.3 ϰ^  ϰ .6 # 0.6 ϰ
5.0 0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  4 a ^ 7  ^ 8.6 32.4 ab   .0 A ϰ 1.2 aA ^
. 0.43 a ^ .31 cB 2.7 a  ^ .2 B ϰ 5 a ^ 21 b  9.1  ϰ#^ . bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.6 aA ^ .4 B ϰ^ 2.6 aA 1 ^    6.  B  5.9   2.0 aA ^ 1.1 aB ϰ^ 
12.  CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 2  aAϰ 27 a  ^ 29 8 a  ϰ#^ 28.  cA ϰ#^ 1.4 bA 1.  aA 
F-test  
AM 50.48 ** .30  3. 7 S 19.73 ** 1 .62 ** 
CSS rates 35.9   0.42 NS 3.27 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44  12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experimental season ____________________ 
Control ,19 ϰ .   7.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ 1.4 #  
5 0 0.24  ϰ^ 0.28 bA ^ 1.5  1.  1 .3 7 cA ^ 7.1 ϰ  7.  1.2 cB  .5   
7.5 SS . 7bA ^ . 1 bA 1. ϰ^ 1.6 7.  1 .7 ϰ 18.9 8. #  1.8 b  #^ .7 cA #^ 
0.0  .26 b  ^   #^ .  .7  1 .0 bB ϰ#^ 3.0  ^ 16.7 ϰ#^ .6  2.5 a   2.8 aA ^ 
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 c  # 2.2 bA 
F-test  
AM 8.76 *  3.44 NS 2.4  NS 0.85 NS 20.97 *  
CSS rates  37.49 ** 4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 4.6 
  Interpret tion limit 1 ____________________ 
Low –0.20 –0.2 0 4 –1 2 –0.5 
Medium .21–0.6  0.3–0.8 5 12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat sig ificance at p ≤ 0.05, p ≤ 0.01, an  ot signi icant, res ectively. Signifi ant diff r nc s (p ≤ 0.05; T ke  test) betwe  CSS rat s (lowercase 
lette s) or appli tio  thods (upp case le ters) are indicated b  diff ren  letter after a  withi the same column. Signifi ant diff rences (p ≤ 0.05; Dunnett 
es ) among he tre t ents are indica e  by different sy bols (ϰ, #) after the ea  withi  the same column. Si nifi ant differ nces (p ≤ 0.05; T ke est) a o g the 
eat ent for different experi ental s sons (I vs. II) are indicated by the pres c  of the caret symbol (^) after the mean  within the same column. 1 Raij et al  [35]. 
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ble 3. Soil mi ronutrie t conce rati  (mg kg−3) aft r t o s cu ive experime tal seas s f s ybea cultivati  according to application method (AM: WA = 
wh le ar a; BR = b twee  ows) and t ents co tr l, co ve ional fertiliz tio  (CF), and CSS incre sing r tes—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe M  Zn
WA BR WA BR WA BR WA BR WA BR 
 I experimental season __________________  
Control . 0 ϰ .1  2 ϰ^ 3 .8 ϰ  .5 ϰ 
CF 0.2  #^ 2.  ϰ 24 ϰ 25.6 #^ 0.6 ^ 
5.  CSS 0.28 c  ^ .41 b ^ 2.4 bc  ϰ^ . 4 7  ^ 28.6   32 4 ab  .   ϰ 1.2 aA ^ 
7  .  A ^ 0.31 cB .7 a  ^ .2 B ϰ  ϰ  2  bA ϰ .1 ϰ  9 c  ϰ#^ .   .8   
0.0 .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA 1   6 7 B #^ 35.  a   2.0 aA ^ 1.1 aB ϰ^
12.5 CSS 0.43 a  ^ 0.45 b  2.6 abA ^ .5 abA ^ 25 aAϰ 27 ^ 29.8 a  28 c ϰ#^ 1.4 bA .3 aA 
F-test  
AM 0.48  .30  3.77 NS 9.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.2 * 2. 3 NS .16  
(AM) × (CSS) 59.71 ** 8 51 ** 6.44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season __________________
Control ,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ 14.0 # 15.  #^ 1.4 #  
5. C  . 4  ϰ^ 0.28 bA ^ .5  .   .3   . bc ^ .1  7.1  1.2 cB .5   
7  . 7  ^ 0 31 bA .4 ϰ^ .  ^ .0  . b ϰ .9  8.  ϰ .8 b  #^ 1.7 cA #^ 
0.0  .26 b  ^ . 1 #^ .   .7  7.  bB ϰ#  0 aA ^ 16.7 ϰ  .6 .5 a  ^ 2.8 aA ^
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ .6 20.5 aA ϰ 5.7 cB ϰ#^ 2.1  15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 *  3.44 S 2.45 NS 0.85 S 20.97 *  
CSS rates  37.49 ** 4.59 * 4. 5  13.15 ** 36. 2 ** 
(AM) × (CSS) 6.81 ** 0 29 NS 11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
______________________________________ I erpret tion limit 1 __________________ 
Low –0.20 –0.2 –4 0–1.2 0–0.5 
Medium .21–0.6  .3– .8 –12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ificance at p ≤ 0.05, p ≤ 0.01, and not signif ca t, resp ctively. S gnificant iff rences (p ≤ 0.05; Tuke  test) betw e  CSS rates (lowercase 
letters) r a plic tio  methods (upp c s  le t r ) are ic t d by different l t ers f er eans ithi  the sa e colu . S g ificant differe ces (p ≤ 0.05; Dunnett 
te ) a o g e t at t  are i icat d by differ nt sy bols (ϰ, #) aft r h  ea s within t e same colu . S gnificant differences (p ≤ 0.05; T ke  test) amo g the 
reatm nt for different experim ntal eas ns (I vs. II) are indicat d by the pr s nc of the car t sy bol (^) af er th  means with n the same column. 1 Raij et al. [35]. 
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Tabl  3. S il micr tri t c ce tra n (  k −3) fter two s cu ive experime t l on  f ybe  ultiv ccordi g to applicatio  metho  (AM: WA = 
whole ar a; BR = b twe n rows) and tr ts (control, conventio al fertiliz tion (CF), a d CSS inc sing r tes—Mg h −1 on a wet basis). 
Treatment  
 Cu Fe Mn Z  
WA BR W  BR WA BR WA BR WA BR 
  I experimental season ____________________ _____________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
F 0.26 #^ .3 ϰ  4 ϰ 25.6 #^ .6 ϰ^ 
5.0 CSS .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4 A  7 a  ϰ^ 8.6 B  32.4 abA ϰ  .0 bA ϰ 1.2 A ^ 
7.5  .43 aA  0.3 cB 2.7 a  ^ .2 bB ϰ 5  1 b  ϰ .1 A  29.2 bc ϰ#^ 1.    0.8 a   
0.0 .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.  a   .0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 *  .30  3.77 N  19.73 *  11.6  ** 
SS rates 35.9   0.42 NS .27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ____________________ _____________________ 
Control ,19 ϰ 1.  ϰ  17.7 ϰ^ 19.1 ϰ  0.6 ϰ 
F 0.42  1.3  4.0 # 15.  #^ 1.  #^ 
5.0 C  0.24  ϰ^ 0.28 bA ^ .5  .  ^ .3 A  17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 SS .27bA  0.3  bA 1.4 ϰ^ .6 ^ .   ϰ  18.  b  ϰ 18.9  8.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26 b  ^ . 1  #^ .   .7  1 .0 bB ϰ#^ 3.0 aA ^ 1 .7 ϰ#^ .6  2.  a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 N  0.85 NS 20.97  
SS rates 37.49 ** 4.59 * .55  13.15 *  36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 I erpr tati n limit 1 ____________________ _____________________ 
Low – .20 –0.2 0–4 0– .2 0–0.  
Medium .21–0.6  .3– .8 5– 2 .3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** d NS—in cate significa c   ≤ 0.05, p ≤ 0.01, nd ot si if c t, re p tiv ly. Significant differ s (p ≤ 0.05; Tuk y t st) be wee  CSS rates (lo ercase 
l tter ) o  applicatio  th ds (upp rcas  l tt ) ar  i ica   iff r t l t r  aft r m s t in t e sa  col . Significant diff r nces (p ≤ 0.05; Dunn tt 
s ) a ong tr tm nts ar  i dica d y differ  y b ls (ϰ, #) ft r mea  w thin th s e c lumn. Si nific t diff renc s (p ≤ 0.05; T k y test) among the 
tr t ts for d ffere t ex ri e tal sea s (I vs. II) r  i dicat d by he prese ce of car  y bol (^) after e me ns within he same column. 1 Raij et al. [35]. 
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Tabl  3. S il micronu ie t concentra on ( g kg−3) fter two co secutive experimental seas ns of soybean cultivatio cc rding t  application method (AM: WA = 
whole area; BR = be ween rows) and tr tments ( ontrol, conve tio al f rtilization (CF), and CSS i creasing rates—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
 BR WA BR WA BR WA BR WA BR 
  I experimental season _____________________  
Control 0 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^  
CF .26 #  2.3 ϰ^ 2  ϰ 5.6 #^ 0.6 ϰ^ 
.  SS . c ^ .41 b ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 a ϰ^ 27 a ϰ^ 8 6  #^ 32.4 ab  1. b   1 2  ^ 
7.  . .3 c 2.7 a  ^ 2.2 B ϰ  ϰ^ 21 b  .  9.  bc  ^ .3  ^ 0.8 a  ϰ^ 
0.0  .35 B 6  ^ 2.4 abB ϰ .  ^ 21 Aϰ^   ϰ^ 6 7 B #^ 35.9  #^ .0  ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0 48 . 0 S 3.77 NS 9.7  ** 11.6  ** 
CSS rates 35.9  ** 0.42 NS 3 2  2. 3 NS .16 ** 
(AM) × (CSS) 59.7 * 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____________ II experimental season _____________________ 
Control ,19 ϰ .3 ϰ^ 17.  ϰ^ 9.  ϰ^ 0 6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.  . 4 ϰ^ 0.28 A  .5 ϰ^ .  ^ .3 #^ 1 .7 c  ^ .1 ϰ#  .1 ϰ#^ 2 c  # .5 cA #^ 
.   .27 ^ 0.3  A .4 ϰ .  7.0 b ϰ 18.7 b  ϰ 8.9 ϰ# 8.7 ϰ .8 b  # 1.7 cA #
0.0 26 b 0 41 aA  .  ^ .7 .0 bB ϰ#^ 3 0 a   16.7 ϰ .6 #  . a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48 76 3.44 S 2.  NS 0.8  S 20. 7 ** 
CSS rates  7 9 * 4 5 * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 81 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6
 __________________________________________ In erpr tat on limit 1 _____________________ 
Low 0–0. 0 –0.2 0 4 0 .2 0–0.5 
Medium .2 0.6  0.3– .8 5–  1.3–5 0 .6– .  
High >0.60 >0.8 >12 >5.0 >1.2 
* ** a  NS— n cate sign fica t p ≤ 0.05, p ≤ 0.01, a  ot sig if ant, respectively. Significa  differences (p ≤ 0.05; Tuk y test) between CS  rates (lowercase 
l tters) o applica i  me hods (uppercase lett rs) a i dica ed by differ l tter a  eans wit i  the same colu . Signifi ant differences (p ≤ 0.05; Dun ett 
test) among e treatments are i icate   different symbols (ϰ, #) fter t e ans wit i the sam  colum . Significant differences (p ≤ 0.05; Tukey test) among the 
treatm t fo  diff rent exp im tal s asons (I vs. II) ar i dic t d by the res nc  of e car t symbol (^) after t e means w thin the s me colu n. 1 Raij et al. [35]. 
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bl  3. S il mic utrie t c ce tr ti n ( g kg−3) ft r wo c s cutive xp rime tal eas s f soybea  cultivation accord ng t  application meth d (AM: WA = 
wh l  area; BR = b tween r ws) a d tre ments (control, conventional fertilizatio  (CF), and CSS increasin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR W BR WA BR WA BR WA BR 
 I experimental season _________________  
Control . 0 ϰ .1  2 ^ 34.8  .5 ϰ 
CF 0.2  #^ 2.3 ϰ^ 4 ϰ 25 6 #^ 0.6  
5.0 SS 0.  c 0.4 b ^ 4 bc  ϰ^ .6 a  4 ^ 7 a ^ 28.6   32.4 a  1.0 b  ϰ 1.  a  ^ 
7.5 CSS 3 a 0.31 c 2.7 a  ^ .2 B ϰ 5  1 b  ϰ 29.1 a ϰ#^ 29.  bc  ϰ#^ .3 b  0.8  
0.0 .35 bB 0.  a 4 B ϰ^ .6 ^ 21 a ϰ^   6.  B  35.9   .0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 3 a ^ 0.45 bA 2.6 abA ^ 2.  bA ^ 5 ϰ 27 aA ϰ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.7  ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 2.63 NS . 6  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season _________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.1 ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5 1 #  1.4 #^ 
5.  SS 4 ϰ^ 0.28 b  ^ 5  1.6 ^ 3  17.7 c  ^ 17.1 ϰ  7.1 ϰ#^ .2 cB  .5   
7.5 CSS 7b  0.31 b  4 ϰ^ 1.6 A ϰ#^  ϰ 8.9  1 .   1.8 b   1.7 c  #^ 
0.0 26 b ^ .   #^ . .7 7.0 bB ϰ# 23.0 aA ^ 16.7 ϰ#^ .6 2.5 aA  2.8 aA ^
12 5 CSS 37 B #^ 0. 4 aA # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 ^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.8  NS 20.97  
CSS rates  37.49 ** 4.59 * 4. 5 3. 5 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
 _________________ I terpre atio  li it 1 _________________
Low – .2  0–0.2 0–4 0– . 0– .  
M dium 21–0.60 .3– .8 –12 1.3–5.  .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i d te sig ifican e p ≤ .05, p ≤ 0.01, a  ot signif ant, r sp ct vely. Sig ifican  differences (p ≤ 0.05; Tuk y test) etw  CSS rates (lowercase 
le s) or a pl ca ion m thod ( p ercase etters) are ic te   iffere t l r after e withi  the sam  column. Significant differe ces (p ≤ 0.05; Dunnett 
t) a o g th tre tments are i icated by differe t symb ls (ϰ, #) fter th  me s within the same colum . Sig ificant differences (p ≤ 0.05; T key test) amo g the 
tr tments fo  differe x ri ntal sea s (I vs. II)  indicat d by he presenc  of th ar t y bol (^) after th me ns within the same column 1 Raij et al. [35]. 
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T bl 3. S il micr u ri t c c r  ( g kg−3) f r two s cutiv exp r m tal e s s of soybea cultivati  accordi g to application method (AM: WA = 
whole area; BR = b t e ows) d tments (contr l, c ve tional fertil z tion (CF), a d CSS increasin  r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA   BR A BR W  BR 
 __________________  I experime tal season __________________  
Control .  ϰ .1 ϰ^ 22 ϰ^ 34.8 ^ .5  
CF 0.26 #^ .3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5 0  . 8  ^ 0.4  b  ^ .4 bcB ϰ^ 2.6 a  ^ 4 a 7 aA ^ 28.6 B ϰ#  32.4 ab  #^ 1.0 bA ϰ 1.  aA ^ 
7.5 CSS 4 ^ 0.3  c  2.7 aA ^ .2 bB ϰ 25 a 2 b  1 a  ϰ#^ 29 2 c  ϰ#^ 1.3 b  ^ 0.8  ϰ^ 
.0 .35 b ^ 0.6  aA ^ .4 abB ϰ^ .6 A  21 a  ^ 26.  B ϰ#^ 35.9  #^ .0 a  ^ 1.1 aB ϰ^ 
12 5 CSS . 3 a ^ 0.45 bA 2.6 abA ^ .  abA ^ 25  7  ^ 29.8 a  ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 N  9.7  * 11.62 ** 
CSS rates 3 .9 ** 0.42 NS 3. 7  2. 3 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 * 6.44 ** 1 .51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
___ __ __ __ _ ______________________  II experime tal season __________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 9.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1 3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
0 .2 ϰ  0.28 bA ^ .5 ϰ^ . ^ 3 b  ϰ# 7. bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ .2 cB # .5 A #^ 
7.5 CSS 0. ^ 0 3  b  1.4 ϰ^ 1.6 ^ 17.0 bA #^ 18.7  18.9 ϰ#^ 18.  #^ 1.8 b  #^ 1.7 cA #^ 
.0 .  b  ^ 0.41 aA #^ .  ^ .7 ^ 7.0 b  #^ 23.0 aA  16.7 ϰ#^ .6 #^ .5 a   2.8 aA ^ 
.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 aA ϰ 15.7 cB ϰ#^ 2.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.7  ** 3.44 NS 2.4  N  0.8  NS 20.97 ** 
CSS rates 37.49  4.  * 4.55 * 13. 5 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ___  I r reta ion limit 1 __________________ 
Low .20 0.2 4 1.  0–0.5
M d um 0.21–0.60 .3– .8 5–  1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*  ** a  NS—i d c t  ignifican at p ≤ 0.05,  ≤ 0.01, a  o  sign ficant, resp tiv ly. Sig ific nt diff renc s (p ≤ 0.05; Tukey t st) betw  CSS ates (lowercase 
l t )  a l c t o  met ds ( pp c s l tter ) are ind c t b  iff re t l t r  aft r me n with n the sam colu . Significant diff re ces (p ≤ 0.05; Dunnett 
t st) amo g tr are i cated by iffer t sy bol  (ϰ, #) fter the an with n e sam  colu . S gnificant differen es (  ≤ 0.05; Tukey test) among the 
r m ts for d ffere x r me l e sons (I vs. II) are indicat d by he pr sence  th r t symbol (^) afte  the means ithin the same column. 1 Raij et al. [35]. 
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Table 3. S l m ronutrie t c tr i  (mg kg−3) af wo co secutive xper menta  se sons f s ybe  cultivation according to application method (AM: WA = 
wh l  are ; BR = between r w a d tr a me ts (co l, co vention l fert l zation (CF), and CSS increasing rate —Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA A BR WA BR 
_________________ ____________ I xperimental season ___________________  
Control .20 ϰ .1  2  ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5. SS .28 c .41 b 2.4 bc  ϰ^ .   2  7  8.6 a  32.4 b  1.   ϰ 1.2 a  ^ 
7.5 .   1 c .7 a  ^ .2 B ϰ  ^ .1  #^ 2 bc  ϰ#^ .3   0.8   
0.0 .35 bB  0.64 A ^ .4 B ϰ^ 2.6 aA 1 A   6.7 B 5.9   2.0 A ^ 1.1 aB ϰ^ 
12. CSS 0.43 a ^ 0.45 b 2.6 abA ^ 2.5 abA ^ 2 a ϰ 27  ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * .30  3. 7 S 9.73 ** 11.6  ** 
CSS rates 35.9   0.42 NS 3.2  2. 3 NS .16  
(AM) × (CSS) 59.71 *  8.51 ** 6.44  12.51 ** 5.43 ** 
CV (%) 8. 6.3 9.7 6.2 24.8 
 _ ___________ II xperimental season ___________________ 
Control , 9 ϰ .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5 SS 0.24 ϰ^ 0 28 b  ^ 1 5 .6 1 .3  7bc ^ 17.1  1.2 c   .5   
7  7b  ^ . 1 .4  .  .7 ϰ 9 8.7 ϰ#^ .8 b  #^ 1.7 cA #^ 
0 0 . 6 ^ . 1  #  . .7 7 bB ϰ#^ 3 0 ^ 16.7 ϰ#^ .   .5 a  ^ 2.8 aA ^ 
12 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.  aA ϰ 15.7 B ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 S 2.4  S 0.85 S 20.97 *  
CSS rates  37.49 *  4.59 * 4.5   13.15 ** 36. 2 ** 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
  In er retation limit 1 ___________________ 
Low – .2  0–0.2 0 4 –1.2 0–0.5 
Me ium .21–0.6  0.3–0.8 5 12 .3–5.0 .6– .2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a NS—i cate sig ifica ce a  p ≤ 0.05, p ≤ 0.01, a d ot significant, es ect vely. Significa t iffer ces (p ≤ 0.05; T key test) betw  CSS r tes (lowercase 
letters) r a pl ti n e ho s (uppercas ) are dicat d by diff re l tters after mea s with  the same column. Sig ificant diff rences (p ≤ 0.05; Dunnett 
st) among the t at ents ar  i dicat d b  differe  symbols (ϰ, #) fter the ans withi  he sa e colu n. Significant differ nces (p ≤ 0.05; T key test) among the 
tre m ts f r diff r experi l e so (I vs. II) re i dicated by the p se ce f the caret symbol (^) fter the eans within the same column. 1 Raij et al. [35]. 
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T b 3. Soil m r utri t co c trati  (mg kg−3) aft  t o o s cutive x rime ta  s sons of soybe cultivation according to application m thod (AM: WA = 
w ol  rea; BR = b tween w  d tr atme ts (contr l, convention l fert liz tion (CF), nd CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR  BR WA BR 
 _ __ _  I experimental season _________________ __________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 8  ^ 0.4 b  ^ 2.4 bc ϰ^ 2.6 a  ^ 4 A 7 aA ^ 8.6   32.4 abA  .0 A  1.2 aA ^ 
.5 CSS 0.43 a  ^ 0.3 cB 2.7 aA ^ .2 B ϰ 5 a ^ 2 b  29.1 a  ϰ#^ 29 2 bc  ϰ#^ 1.3 b   0.8   
.0  0.35 bB  0.64 aA ^ .4 B ϰ^ .6 aA ^ 1 ^    6.7 B  35.9   .0 aA ^ 1.1 aB ϰ^ 
12.  CSS . 3 ^ 0.45 bA 2.6 abA ^ .  bA ^ 25 a  27  ^ 29 8 a  ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3. 7 S 19.73 ** 11.62 ** 
CSS rates 35.9  0.42 NS 3.27 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 * 6.44  12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________ __________________ 
Control 0,19 ϰ .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 0.24 A ϰ^ 0.28 bA ^ .   .   7.3 ϰ#^ 17.7bc ^ 17.1 ϰ  7.1  1.2 cB  .5   
7.5 CSS 0 7b   0 31 b  1.4 ϰ 1.6 ^ 1 .  A  1 .7 b ϰ 8.9 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26  ^ . 1  #^ .  .7 7.0 b #^ .0 aA ^ 16.7 ϰ#^ .6  .5 a  ^ 2.8 aA ^ 
2.5 CSS 0.37 aB #^ 0.44 aA # 1.6  .6 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.7   .44 NS 2.45 S 0.85 NS 20.97  
CSS rates  37.49 ** 4. 9  4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I terpr tation limit 1 _________________ __________________ 
Lo  – .20 0 0.2 4 –1.2 0–0.5 
Medium 0. 1–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—i di t  sig ificanc at p ≤ 0 05, p ≤ 0.01, an  o  signi i a t, s ctively. Significant diff r nces (p ≤ 0.05; T k y test) betw  CSS ates (lowercase 
let s) r appl ion hods (upp rc s le t rs) ar  n cated by diff re le t r  ft r mean withi h  sam colum . Signific nt diff r nces (p ≤ 0.05; Dunnett 
tes ) among t r at e ts  i c d by different ymbols (ϰ, #) a ter the s withi the sam  colu . S g ific nt differ n e  (p ≤ 0.05; T key test) mong the 
tr at nt  fo ffere xp riment l sons (I v . II) re indicated by pres nc of the c ret sy bol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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T b 3. So l micr nu ri t ntrati n (mg k −3) after wo c secutive ex rime tal s as ns f soybe  cultivation according to application method (AM: WA = 
whol  are ; BR = be w e rows) d tr atme t  (con rol, conv ntion l fertiliz t on (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR BR WA BR WA BR 
 _________________  I experimental season ________________________________________________________________________  
Control .2  ϰ .1 ϰ^ 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.  #^ 2.  ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .28 c ^ 0.41 b  ^ 2.4 bc ϰ^ 2.6 a  ^ ϰ 7 aA ϰ^ 8.6  32.4 abA  .0  ϰ 1.2 aA ^ 
7.5 CSS 0.43 a   0.31 cB 2.7 aA ^ .2 bB  5 21  ϰ 29.1 a   29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ   6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.4  aA ^ 0.45 bA 2.6 abA ^ 2 abA 2  a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ 1.   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 ϰ^ 0.28 bA ^ .5  .   .3  ϰ#^ 17.7 c  ^ 17.1 ϰ#^ 7.1  1.2 cB  .5  ^ 
.5 CSS 0. 7bA  0.31 b  1.4 ϰ^ 1.  ^ .    8.7 b  ϰ 8.9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0 0  0.26 b ^ . 1  #^ . .7 17 0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
2 5 CSS .3  aB #^ 0.44 aA # 1.6 ^ 1.6 0.  aA ϰ 15 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3. 4 NS 2.45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4. 9 .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 __ __ __ __ ______________________ _________ I terpretatio  limit 1 ________________________________________________________________________ 
Low 0–0.20 0 .2 –4 0–1.2 0–0.5 
Medi m 0. 1–0.6  0.3–0.8 5–1 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dic signifi ance a  p ≤ 0 05, p ≤ .01, an  not sign ica t, res ectiv ly. ignificant iffer nces (p ≤ 0.05; T key test) between CSS rates (lowercase 
let s) o applic io  metho s (uppercas  e s) re indicate  by differe t letters after means with  the same column. Sig ificant differences (p ≤ 0.05; Dunnett 
t t) a o g t e tr atm ts ar i di ated by d ffere t symbols (ϰ, #) af r the ea  with n the same column. Sig ificant differences (p ≤ 0.05; T key test) among the 
atment f r iffe nt xperi ental sea on  (I vs. II) ar indicated by the p esence of the caret sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
 
F-test
AM 23.89 ** 0.88 NS 0.11 NS 0.06 NS 0.31 NS 6.52* 18.18 **
CSS rates (wb) 3.07 * 0.31 NS 1.85 NS 0.33 NS 0.54 NS 0.87 NS 2.30 NS
(AM) × (CSS) 2.24 NS 1.07 NS 9.97 ** 7.98 ** 0.53 NS 0.69 NS 3.55 *
CV (%) 1.6 9.8 5.3 6.2 3.4 12.5 4.5
_________________________________________________________________________ II experimental season ___________________________________________________________________________________
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according to application method (AM: WA = 
whole area; BR = betw en rows) and treatments (control, conventional fertilization (CF), and CS  increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rat s  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 **
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrient concentrati  (mg kg−3) after two consecutive experimental se s s of soybean cultivation according to application method (AM: WA = 
whole area; BR = betwe n rows) and tr a ments (control, conventional fert lization ( F), and CSS increa ing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________  I experimental season _____________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ 1 b   29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ 27  ^ 6.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29 8 a ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 7 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________  II experimental season _____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ ^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ  18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 A 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS 0.85 N  2 .97 ** 
CSS ra e  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________________________ Interpretation limit 1 _____________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differ nces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l ters) or a plication methods (uppercase letters) are indicated by different letters after means withi  the same column. Significant diff rences (p ≤ 0.05; Dunnett 
test) among th  treatments are indicated by different symbols (ϰ, #) after the means withi  the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental se sons (I vs. II) are indicated by he presence of the car t symbol (^) after th  means within the same column. 1 Raij et al. [35]. 
 
58
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
Table 3. Soil micr utrient conc ntration (mg kg−3) after two consecutive experimental seasons f soybean cultivat on according to application method (AM: WA = 
whole area; BR = be w en rows) nd treatme ts (control, c v ntional fertilization (CF), and CSS increasing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
A BR WA  BR WA BR WA BR 
  I experimental season __________________________________  
Control 0.20 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2 3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ .4 bcB ϰ^ .6 a ^ 4 a ϰ^ 7 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0 43 aA ^ 0.31 cB 2.7 aA ^ 2.2 B  25 a ϰ 1 bA ϰ 29.  aA ϰ# 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
1 0 CSS 0.35 bB  0.64 aA ^ .4 abB ϰ^ .6 a  ^ 1 a ϰ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA .6 bA ^ 2.  bA 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.  ** 6.44 * 12.51 * 5.43 ** 
CV (%) 8.4 6.3 9.7 6 2 24.8 
  II experimental season __________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF .42 #^ 3 ϰ^ 1 .0 # 5.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ .5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ 17 1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17 0 ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
.0 CSS 0.2  bB ^ .41 aA #^ 1.6 ^ 1 7 ^ 17 0 bB ϰ#^ 23.0 aA  16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # .6 ^ 1 6 ^ 20.5 a  ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est  
AM 48.76 ** 3. 4 2.45 NS .85 NS 20.97 **
CSS rate  37.49 ** . 9  4.55 13.15 ** 36.42 ** 
(AM  × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 **
CV (%) 9.0 .0 8.2 9 8 14.6 
 __________________________________ Interpretation limit 1 __________________________________ 
Low 0–0.20 0–0.2 –4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 5–1 1.3–5.0 0.6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** and NS—i dicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectiv ly. Significant diff rences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercas lett rs) are indicated by differe t letters after means within the s me column. Significant differ nces (p ≤ 0.05; Dunnett 
test) among the reatments are indicated by di f ent symbols (ϰ, #) af er the means within the s me column. Sig ificant diff rences (p ≤ 0.05; Tukey test) among the 
treatments for iffer t experim ntal seasons (I vs. II) are i dicated by the presence of he caret sy bol (^) af er the means within th  s me column. 1 Raij et al. [35]. 
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Table 3. Soil micronutr ent concentration (mg kg−3) after tw consecutive experiment l seasons of soybean cult vati  according to application method (AM: WA = 
wh le area; BR = b tween ows) nd treatments (co t ol, conventional fertiliz on (CF), and CSS increasing rates—Mg ha−1 on a wet asis).
Tr atment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ _ I experimental season ________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS .27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
_________ II experimental season ________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- est  
AM 48.76 ** 3.44 NS 2.45 NS .8  NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2 94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________________________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate sig ific c  at p ≤ 0.05, p ≤ 0.01, and ot , resp c ively. Significant diff renc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
lett rs) or application methods (upp rcas  letters) are i di d by different lett r  after mea s within the sam  column. Significant differences (p ≤ 0.05; Dunnett 
est) a o g the treatm n s are indicated by different symbols (ϰ, #) after the m a s with n t sam  column. Significant diff rences (p ≤ 0.05; Tukey test) among the 
treat ts for diff rent experim tal s asons (I v . II) are indicated by the presence of t e caret ymbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
ˆ 160
Agronomy 2020, 1 , x   9 of 20 
Agro omy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
T ble 3. Soil micronutrient conce tr tion (mg kg−3) after two consecutive xperimental seasons of soybean cult v according to application method (AM: WA = 
whole area; BR = twe n rows) a d treatment  ( ontrol, conventional fertiliz tion (CF), and C S increasing r tes—Mg ha−1 on a wet asis)  
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________ _ _ _ _  I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB  0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 A  0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS .27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________  II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b  ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS .85 NS 2 .97 ** 
CSS r t s 37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.8 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS—indicate sig ificance a  p ≤ 0.05, p ≤ 0.01, a d not si ifi t, espectiv ly. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letter ) or applicati n e hods (upp cas  l tt ) ar  ndica d by different lett r  a t  means w thin the same column. Significant differences (p ≤ 0.05; Dunnett 
est) a ong he treatm nts are indicated by differen  symbols (ϰ, #) after the means w thin the sam  colu n. Significant diff rences (p ≤ 0.05; Tukey test) among the 
tr atments for diff ren  experim tal asons (I v . II) are indicated by the presence of caret ymbol (^) after the means within he same column. 1 Raij et al. [35]. 
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Table 3. Soil micr utrient concentr ti  (mg kg−3) aft r two consecutive experimental se s s of soybean cultivation according to application method (AM: WA = 
whole area; BR = betwe row ) and r a ments (c trol, conventional fert lization (CF), and CSS increasing rates—Mg ha−1 on a wet basis)  
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________ __ __ __ ______________________________  I experimental season _____________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB 0.4  bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ 27 a  ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 A 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ 1 b   29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ 27  ϰ^ 6.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 .5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29 8 a ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3 7 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6 44 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
_______________________________________________________  II experimental season _____________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ ^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27b  ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ  18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20 5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 ** 3.44 NS 2.45 NS .85 NS 2 .97 ** 
CSS ates  37.49 ** 4.59 * 4.55 * 3.15 ** 36.42 **
(AM) × (C S) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _____________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat  signific n e a  p ≤ 0.05, p ≤ 0.01, and not sig ificant, r pectively. Sig ificant differ nc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
l tters) or plicati n e ods (uppercas  l tter ) are indic ted by different letters aft r mean  withi  the sam  column. Significant diff rences (p ≤ 0.05; Dunnett 
test) mong th rea ments ar  i dicated by differen  sy bols (ϰ, #) after the me n withi the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for differen  ex erimental e sons (I vs. II) are indicat d by he presence of th ar t symbol (^) after th  means within the same column. 1 Raij et al. [35]. 
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T bl  3. S il icronutrien concentration (mg kg−3) fter two conse utive experiment l se sons f soybean cul vation according to application method (AM: WA = 
hole r ; BR = between rows) and tre ments (control, convention l fertil zation (CF), and CSS incr asing rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ __ _ _ _  I experimental season ______________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 bA ϰ 29.1 aA ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB 0. 4 A ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA 0.45 b  2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experimental season ______________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28 bA 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 b 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
1 .5 CSS 0.3 a  #  0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CS  a s  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _______________________ Interpretation limit 1 ______________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** and NS—i d te signifi a c at p ≤ 0.05 p ≤ 0.01, and not signific nt, resp ctively. Significant differ nces (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
s) o  pp ication m thod ( pp r a e letters) ar  i dicat d by d fferent let ers aft r eans withi  the same column. Significant differences (p ≤ 0.05; Dunnett 
reatme ts are indica d by diff re t symbols (ϰ, #) after the eans withi  th  same column. Significant differences (p ≤ 0.05; Tukey test) among the 
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Table 3. Soil micronutri t concentration ( g kg−3) ft r two co secutiv  experiment l se sons f soybea  cultiv tion accordi g to application method (AM: WA = 
whole area; BR = betw en rows) and treatments (control, conventional fertilization (CF), and CSS incr asing rates—Mg ha−1 on a w  basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season __ __ __ __ __ __ _ __ _ __ __ __ __ __ __ __ __ __ __ _   
Control . 0 ϰ .1 ϰ^ 2 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 ϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 a  #^ 1.0 b  ϰ 1.2  ^ 
7.5 CS  0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ϰ^ 1 b   29.1 aA #^ 29.  bc  #^ 1.3 b  ^ .8  ϰ  
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 21 aAϰ^   ϰ^ 6.7 B ϰ#^ 35.9 a  #^ .0  ^ 1.1 aB ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 NS 19.7  *  11.6   
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ^ 14.0 # 15.1 #^ .4 #^ 
5.0  0.24 b  ϰ^ 0.28 bA ^ .5 ϰ^ .  ^ .3  ϰ#^ 17.7bc  ϰ^ .1 ϰ#^ 7.1 ϰ#^ .2 cB # .5  #  
7.5 CS  . 7bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 bA #^ 18.7 b  ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0  .26 b  ^ 0.41 aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6 #^ .5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 A 
F-tes   
AM 48.76 ** 3.44 NS 2.4  NS 0.8  NS 20.97 ** 
CSS ra s  37.49 4.5  * 4.55 * 13.15 *  3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0 4 –1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6– .  
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance t p ≤ 0.05, p ≤ 0.01, a  not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) betwe  CSS rates (low r ase 
letters) or application m thods (uppercas  lett rs) r  i i t   iff r t l tters after means within the same colum . Sig ificant diff rences (p ≤ 0.05; Dunnett 
test) among the treatments are i dicated by diff rent symbols (ϰ, #) aft r the ans withi  the same column. Significa t differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutrie t concentrati  (mg kg−3) after two co secutive experimental seas s of soybea  cultivation according to application method (AM: WA = 
wh le area; BR = between rows) and tr a ment  (control, conventional fertilizatio (CF), and C S inc ea ing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _____________________________________ _ __ _ __ __ __ _ I experimental season __ __ __ __ __ __ _ __ _ __ __ __ __ _________________________  
Control . 0 ϰ .1  2 34.8 ϰ .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a ^ 8.6 B  2.4 ab   .0  ϰ 1.2  ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 29.1 A  9.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ    6.7 B  5.9 a   2.0 aA  1.1 B ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ 29.8 a  ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3. 7  19.73 ** 11. 2 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .1   
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _______________________________________________________  II experimental season ________________________________________________________________________ 
Control ,19 ϰ .  17.7 ϰ^ 9.  ϰ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.  #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .  3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6 1 A  b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26  ^ . 1 a  #^ .   .7 7 0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ ^ 5.6  2.5 a  ^ 2.8 A  
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 ^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76 3.44 NS 2.4  NS 0.85 NS 2 .97  
CSS r s  37.49 ** 4.59 * 4. 5 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.2 NS 1 .11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________________________________________  Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 .3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  not signif cant, resp ctively. Significant differ nces (p ≤ 0.05; Tukey test) betw e  C S rates (lowercase 
le ters) or a plication methods (uppercase letters) are indicated by different let ers after mea s withi  the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) among th  treatments are indicated by differ nt symbols (ϰ, #) after th mea s withi  the same column. Significa t differences (p ≤ 0.05; T key test) among the 
treatments for different experim ntal seasons (I vs. II) are indicat d by the presence of the car t symbol (^) after th means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micro utrie t c c ntration (mg kg−3) after two co secutive experimental seasons of soybea  cultivat on according to applicati  method (AM: WA = 
whole area; BR = be w en rows) nd treatme ts control, c nv ntional fertilization (CF), nd CSS incre sing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
A BR WA   BR WA BR WA BR 
 _ _ _ _ _ _ _ _ _  I experimental season _ __________ __ _ __ _ __ __ _  
Control . 0 ϰ .1   ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ 2.3 ^ 24 ϰ 5.6 #^ .6 ϰ^ 
5.   .28 cB 0.41 bA ^ .4 bcB ϰ^ .6 a  ^ 4 7 a ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS 43 aA ^ 0.31 cB 2.7 aA ^ .2 B ϰ 5 1 b  ϰ 9.  A 29.2 bc  ϰ#^ 1.3 b   0.8   
0 .35 bB  0.64 aA ^ 2.4 B ϰ^ .6 a  ^ 1 ϰ^   6.7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA .6 bA ^ 2 bA 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 NS 19.73 * 11.62 ** 
CSS rates 3 .9   0. 2 NS 3. 7 * 2.6  NS .16  
(AM) × (CSS) 59.71 ** 8.51  6.44 ** 1 .51 * 5.43 **
CV (%) 8.4 6.3 9.7 6 2 24.8 
  II experimental season __________________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ .4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   3   1 .7bc  7 1 7.1  .2 cB .5   
7.5 CSS . 7bA  0.3  bA 1.4 ϰ^ .   .    18.7 b  ϰ 8.9 18.7 ϰ#^ .8 b  #^ 1.7 c  #^ 
.0  .2   ^ . 1 #^ .  .7 17.0 bB ϰ#^ 23.0 aA  16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
2 5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 20.5 aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-te t 
AM 8.76  . 4  2.45 NS .8  NS 20.97  
CSS rate  37.49 ** . 9  .55 13. 5 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 **
CV (%) 9.0 .0 8.2 9 8 14.6 
  Interpretation limit 1 __________________________________ 
Low 0–0.20 0 0.2 –4 0–1.2 0–0.5 
Medium 1–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** an  NS—i dicate significance at p ≤ 0 05, p ≤ 0.01, an  not significant, respectively. Significant diff rences (p ≤ 0.05; Tukey test) betwee CSS rates (lowercase 
letters) or application methods (uppercas letters) are indicated by different letters after means within the s me column. Significant differ nces (p ≤ 0.05; Dunnett 
test) among the reatments are indicated by i f ent sy bols (ϰ, #) af er the m a s within t e s me colu n. Sig ifica t diff rences (p ≤ 0.05; T key test) among the 
treatments for ffere t exp rimental seasons (I vs. II) are i dicated by the presence of he caret sy bol (^) af er the means within th  s me column. 1 Raij et al. [35]. 
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Table 3. S il micronutr e t c nc ntration (mg k −3) after tw  co secutive experiment l ea ons of soybea  cult vation according to applic tion method (AM: WA = 
wh le area; BR = b tween ows) and treatments (co trol, conventional fertiliz on (CF), and CSS increasing rates—Mg ha−1 on a wet basis)  
Tr atment 
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ __ I exp rimental season _ _ __ __ __ __ __ _ __ _ __ __ __  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6  
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 a  ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.31 cB 2.7 aA ^ .2 bB ϰ 5  1 b  ϰ 9.  A  29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.  aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  .77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
_________ II experimental season ________________________________________ 
Control ,19 ϰ .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # .1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   17.7bc  ^ 7.1  7.1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  .  A  18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  .26  ^ .  #^ .   .7  1 .0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 1 .7 cB ϰ#^ 12.1 #^ 15 5 #^ 1.3 cA # 2.2 bA 
F- est
AM 48.76  3.44 NS 2.45 NS .8  NS 20.97  
CSS rates  37.49 ** 4.59 * .55 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5 
Medium 21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—indicate sig ific c  t p ≤ 0.05, p ≤ 0.01, an  ot , resp c ively. Signifi ant diff renc s (p ≤ 0.05; Tukey t st) betwee  CSS rates (lowercase 
lett rs) or application m t ods ( pp rcase l tters) ar  indica  by diff rent l tt r aft r mea s within the sam  col mn. Significa t differences (p ≤ 0.05; Dunnett 
est) amo g the treatm n  are indic ted by diff r nt sy b ls (ϰ, #) after th  m a s with n th sam  column. Significant diff rences (p ≤ 0.05; T ke  test) among t e 
treat ts for diff rent experim tal s asons (I v . II) are indicated by the presenc  of t e caret ymbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil m cronutrient c ce tration (mg kg−3) aft r wo consecutive xperime tal seasons of soybean cult vati  according to application method (AM: WA = 
whole rea; BR = b twe n rows) a d treatments ( ontrol, conventional fertiliz t on (CF), and CS  increasing rates—Mg ha−1 on a wet basis)  
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _  I experimental season _ _ _ __ __ __ _ __ _ __ __ __ __ __  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34.8 ^ 0.5 ϰ
CF 0.26 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  8 cB 0.41 bA ^ 2.4 bcB ϰ^ 6 aA ^ 4 ϰ^ 7 a 28.6 a 32 4 a  ϰ#^ .0  ϰ 1.  aA 
7.5  4 aA 0.31 cB 2.7 aA ^ 2.2 bB ϰ 5 ϰ^ 21 bA ϰ 9 1  #^ 29.2 bcA ϰ#^ 1.3 b  ^ 0.8  ϰ^ 
0.0  0 35 bB  .64 a  ^ 4 B ϰ^ 2.6 a  ^ 1 ^   ϰ^ 26.7 aB 35.9  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.4 ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 * 11. 2 * 
CSS rates 35.9  ** 0.42 NS 3.27 .63 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ________________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ  4.0 # 1 .1 #^ .4 #^ 
5.0  0.24 ϰ^ .28  ^ .5 ϰ^ .  ^ .3  ϰ#  7. c  ^ 7.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # .5  #^ 
7.5  0 7   0.31 bA 4 ϰ^ .6 ^ A ϰ#^ 18 7  ϰ 8.9 ϰ 8 7 ϰ#^ 1 8 b  1 7 c #^ 
0.0  0.26 B  1 ^ .  ^ .7 ^ 1 .0 bB ϰ#  2 .0 aA  6 7 ϰ#^ .6 #^ 2.5   .8 a  ^ 
12.5 CSS 0.37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t st 
AM 48.76 ** 3.44 NS 2.4  NS .8  NS 2 .97 ** 
CSS r e  37.49 * 4.59 * 4.55 3. 5 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ________________________________________ Interpretation limit 1 ________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.  0–0.5 
Medium .21–0.60 0.3–0.8 –12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind cate sig ific c  at p ≤ 0.05, p ≤ 0.01, a d ot s c , espectively. Significan  differenc s (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application e hods (uppercase ett rs) are icate iffere t lett r  a t  means with n the sam  col mn. Significant differe ces (p ≤ 0.05; Dunnett 
est) among the treatme ts a  i dicated by different ymbols (ϰ, #) after the m ans with n the sam  colum . Significant diff rences (p ≤ 0.05; T key test) among the 
treat ents f r differen experim tal easons (I vs. II) re indicated by the presence of t e caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. S il m cr utri t conce tr tio  (  kg−3) aft t o co s cutiv  experimental se so s f soybean cultivation accordi g to application method (AM: WA = 
whole re ; BR = betwe n r w ) and reatme ts (c trol, conventio al fertilization (CF), and CS  increasing rate —Mg ha−1 on a wet basis). 
Treatment
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR 
_  I experimental season _ _ _ _ _ _ _ _ __ __ _ _________________________  
Control . 0 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0. 6 #  2.3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5.0  .  c  ^ 0.4 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 ^ 27 A ϰ^ 8.6 B #^ 32.4 ab  #^ 1.0 b  ϰ 1.2 A ^ 
7 5 CS  0.43 A ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ϰ^ 1   29 1 a #^ 29.2 bc  #^ 1.3 b  ^ 0.8  ϰ^ 
0.0  . b  ^ 0.6 aA ^ 2.4 abB ϰ^ .6 A ^ 21 A ^  ^ 6.7 B ϰ#^ 5.9 a  #^ 2.0 aA ^ 1.1 aB ϰ^ 
12. CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aA  27 a  ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 S 9.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 9.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season ____________________________________ 
Control ,19 ϰ .  ϰ^ 7 7 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
5.0  0 24 b  ^ 0.28 bA ^ ϰ .  ^ .3  ϰ#^ 7. bc  ϰ^ 7.1 ϰ  7.1 ϰ#^ .2 cB # .5  #^ 
7.5 CS  . b ^ 0.31 bA 4 ϰ .6 ^ 17.0 bA #^ 18.7 b  ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 6 b  ^ 0 41 aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 5.6 #^ 2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 A ϰ 1 .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F- st  
AM 48.76 ** 3.44 NS 2 4 0.85 NS 2 .97 ** 
CSS rat s  37.49 4.5  * 4 5 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low –0.20 –0.2 0 4 –1.2 0–0.5 
Medium 0.21–0.60 .3–0.8 5–  .3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—in icate sig if c ce t p ≤ 0. 5, p ≤ 0.01, a  no significa t, r pectively. Significant differenc s (p ≤ 0.05; Tukey test) b twe  CSS rates (lowercase 
l t rs) or ppli ti  ods (uppercas  l tter ) ar ndicate  by different l tters aft r mea s within the same column. Significant differe ces (p ≤ 0.05; Dunnett 
t st) mo g th  treat nt ar  i dicated by iffer n  sy bols (ϰ, #) aft r the  withi the sa e column. Si nificant differ nces (p ≤ 0.05; Tukey test) amo g the 
reatments for diffe n  ex er men al se sons (I vs. II) ar  indicated by the presence of the caret symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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T bl  3. S il icronutrie concentration ( g kg−3) after two c ecu ive xperimental se sons f soybean cultivation accordi g to application method (AM: WA = 
h le r a; BR = etw en rows) nd tre ments (control, conventional fertil zation (CF), and CSS incr asing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _ _ _ _  I experimental season ______________________________________________  
Control . 0 ϰ .1 ^ 22 ϰ^ 34.8 ϰ  .5  
CF 0.26 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 b  ^ .4 bcB ϰ^ 2.6 aA ^ 4 ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab   .0  ϰ 1.2 A ^ 
.5 CSS .43 a   .3  c  2.7 aA ^ .2 bB ϰ 5 ^ 1 b   29.1 aA 29.2 bc  ϰ#^ 1.3 b   0.8  ^ 
0.0  .35 bB  0.   ^ 2.4 abB ϰ  2.6 aA ^ 21 aAϰ^   ^ 6.7 B ϰ#^ 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 b 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ______________________________________________ 
Control ,19 ϰ .  ^ 17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5 0  0.24 A ϰ^ 0.28 bA .5 ^ .  ^ .3  #^ 17.7bc  ϰ^ 7.  #^ 7.1 #^ 1.2 cB  .5  #^ 
7 5 CSS 7bA 0.31 bA 1.4 ϰ .6 ^ 17.0 bA  18.7 b  ϰ 8.9 #^ 18.7 ϰ  1.8 b  #  1.7 cA #  
0.   .26 0.4  aA  .  ^ .7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ  .6 #^ 2.5 a  ^ 2.8 aA ^ 
.5 CSS 0.37 a  #^ 0.44 aA # .6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-t st  
AM 48.76  3.44 NS 2.4  NS 0.85 NS 20.97  
CS r es  37.49 ** 4.5  * 4 55 * 13.15 ** 3 . 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____________________ ________________________________________ Interpretation limit 1 ______________________________________________ 
Low 0–0.20 0–0.2 0 4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i di te sig ifi a c  at p ≤ 0.05 p ≤ 0.01, an  not signific nt, respectively. Signific t differ nc s (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
) o  pp ication m thod  ( pp rcas  letters) are i icat d by d fferent letters after means withi  the same column. Significant differences (p ≤ 0.05; Dunnett 
t)  t  trea ts ar indicat d by diff re t symbols (ϰ, #) after the ea s withi  the same column. Significa  differences (p ≤ 0.05; T key test) among the 
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive experimental seasons of soybean cultivation according t  pplicatio  ethod (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization ( ), and CSS inc a ing rates—Mg ha−1 on a wet basis). 
Treatm nt  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I expe imental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6  ^ 24 a ϰ^ 27  ϰ^ 8.6 a  ϰ#^ 32.4 abA ϰ#^ 1.  bA ϰ 1.  aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2  ϰ 25 ϰ  21  ϰ 29.1 a  ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6  ^ 21 aAϰ^ 27  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II expe imental season ________________________________________________________________________
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.  # 15 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 b  ϰ#^ 17. cA ϰ^ .1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 b  ϰ#^ 18.7 bA ϰ 8.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.  cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 A ^ 6.7 ϰ ^ 15.6 #^ 2.5 aA ^ .8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
M dium 0.21–0.6  0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significa t, respectively. Significant differences (p ≤ 0.05; T key test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the sa e column. Significant differences (p ≤ 0.05; Du nett 
test) among the treatments are indicated by different sy bols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among t e 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
127
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
Table 3. Soil micronutrient concentration (mg kg−3) after wo co secutive experimental seaso s of soybean ultivatio  according to applicati  meth d (AM: WA = 
whole area; BR = b tween rows) and treatm nts (control, conventional fertilization ( F), nd CS  increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
WA BR WA BR WA BR WA BR WA BR
 ____________________ I experimental season ____________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB 32.4 ab ϰ#^ 1.0 bA ϰ 1.  a  ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 1 bA ϰ 29.1 a  ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0 8 B ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ# 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 1 . 3 ** 11.62 ** 
 rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5. 6 * 
AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.4 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experimental season ____________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 1.4 ^
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 1 .3 bA ϰ#^ 1 7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ .2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 8 7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 7.0 bB ϰ#^ 23.0 A ^ 16.  ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0 44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 A 
F-test
AM 48.76 ** 3.44 NS 2.45 NS 0. 5 NS 20. 7 ** 
 rates  37.49 ** 4.59 * 4.55 * 13. 5 * 36.42 ** 
AM) × (CSS) 6.81 ** .29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________ Interpretation limit 1 ____________________ 
Low –0.20 –0.2 0–4 0–1.2 0 5
M dium 0.21–0.60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicat significance at p ≤ 0.05, p ≤ 0.01, and ot significant, respectively. Significant differences (p ≤ 0.05; T key test) bet een CSS r t s (l wercase 
letters) or application m thods (uppercase letters) are in icated by different letter after ean  within the same column. Signifi ant differences (p ≤ 0.05; Dunnett 
est) among the treatments are indicated b  differe t symbols (ϰ, #) after the mean  within the same column. Sig ifi ant differences (p ≤ 0.05; Tukey est) a ong the 
t eatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the mean  within the same column. 1 Raij et al. [35]. 
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Table 3. So l mi ronutrient concentratio  (mg kg−3) aft r two consecutive experimental seasons of soybean cultivation accordi g t applicatio  met od (AM: WA = 
wh le a a; BR = between rows) nd tre ments (co r l, conventional fertilizatio  (CF), and CSS incre ing rate —Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _______________________ ____________  I xperimental season _________________________________ ___________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27  ϰ 8.6 B ϰ#^ 32.4 abA ϰ#^ 1.  bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB .7 aA ^ 2.2 bB ϰ 2 aA ^ 21 bA ϰ 29. ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 2 A ϰ^ 26.7 B 35.9 aA ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27  ϰ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _______________________ ___________  II xperimental season _________________________________ ___________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ 14.0 # 15.1 #^ .4 #^ 
5.0 CSS 0.24 bA ϰ^ 0 28 bA ^ .5 ϰ^ 1.6 7.3 b  #^ 7bc ϰ^  17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 7.  #^ . bA ϰ 9 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA # 1.6 ^ 1.7 ^ 17  bB ϰ#^ 2 0 A 6.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.5 aA ϰ .7 cB ϰ#^ 2 1 15.5 #^ 1.3 c  # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 _______________________ ________  Interpretation limit 1 _________________________________ ___________________ 
Low 0– .2  0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3–0.8 5–12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respect v ly. Significant differences (p ≤ 0.05; T k y test) between CSS r tes (lowercase
letters) r application methods (uppercase letters) are indic t d by different letters fter means wit in the sa e column. Significant ifferences (p ≤ 0.05; Du nett 
te t) among the t atments are indicat d b  differ nt symbols (ϰ, #) fter the means within the same colu n. Significant differences (p ≤ 0.05; Tukey test) among the 
treatm nts for differ  experim ntal easons (I vs. II) are indicat d by the pr sence of the caret symbol (^) fter the means with n the same column. 1 Raij et al. [35]. 
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Table 3. Soil icr u rient concentratio  (mg kg−3 after two con cutive experime tal easons of s ybean cultivation acc rd ng t  applicati  method (AM: WA = 
whole ar ; BR = be wee r ws) a d t eatme ts control, conve tio l fertilization (CF), a d CSS i cr asin  rates— g ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR  BR WA BR 
  I experimental season _________________  
Control 0.20 ϰ .1 ϰ^ 2  ϰ^ 4.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 cB 0.41 bA  4 bcB ϰ^ .6 a ^ ^ 7 A ϰ^ 8 6 B ϰ#^ 32.4 a  #^ 1.0 bA ϰ .2 aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA ^ .2 bB ϰ 5 ^ 21 ϰ 29.1 a ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS .35 bB 0.64 aA .4 bB ϰ^ .6 a ^ 1 27 aA ϰ^ 2 7 B ϰ#^ 35.9  ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS . 3 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 5 a  27 a ϰ^ 29.  aA ϰ#^ 2 .5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CS  rates 35.91 ** 0.42 NS 3 27  2.63 NS 5.16 **
(AM) × (CSS) 9.71 ** 8.51 ** 6.44 *  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ 19.1 ϰ^ .6 ϰ 
CF .42 #^ 1.3 ϰ^ 4 0  15.  #^ 1.4 #^ 
5.0 CSS . 4  ϰ^ 0 28 bA ^ .5 ^ 1.6 ^ 17.3 A ϰ#^ 7 bc  ϰ^ 7. ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7 5 CSS 27bA ^ 0.31 bA .4 ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 b  ϰ .9 ϰ#^ 1 .7 ϰ#^ 1.8 bA #^ 1.7 c  #^ 
0.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ 23.0 a  ^ 6.7 ϰ#^ 1 .6 #^ 2.5 aA 2 8 aA ^ 
2 5 CSS 37 B #^ 0 44 A # 1.6 ^ 1.6 ^ 20 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 8.76 ** 3.44 NS 2.4  S 0.85 NS 20.97 ** 
CS  rates 37.49 ** 4. 9 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 _________________ 
Low 0–0.20 0–0.2 4 0–1.2 –0.5 
Medium 0.21– .60 .3–0.8 5–12 1 3–5.  0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i di te significance at p ≤ .05, p ≤ 0.01, a d not signifi a t, respect vely. Sig ificant differences (p ≤ 0.05; T key test) b twe n CSS rates (lowercase 
letters) or a licatio  tho  (upp case letters) are indicated by different lett rs after means within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
tes ) mo g th  treat e t  are in icated by different symbols (ϰ, #) aft r the means within the same c lumn. Significant differe ces (p ≤ 0.05; Tukey test) among the 
r atment  for different experimental seasons (I vs. II) ar  indica ed by the presenc  of the care symbol (^) aft r the means within the same column 1 Raij et al. [35]. 
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Table 3. Soil mi r ut ient c centrati (mg kg−3) fter tw n cutive experim t l e so s of soybean cultivat  according to application method (AM: WA = 
whole ea; BR = b w en rows) and tr a me ts (con rol, co v t onal fertilization (CF), nd CSS increa ing ra es—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe M  Zn 
 BR A BR A BR WA BR WA BR 
 _________  I experime tal season ____________________________________________________  
ontrol 0.20 ϰ 2.1 22 ϰ^ 34.8 ^ 0.5 ϰ 
CF 0 6 #^ 2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.  CSS .28 cB 0. 1 bA .  bcB ϰ^ 2.  A  4 a ^   ϰ^ 28.6 aB ϰ#^ 32.4 #^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.4  aA ^ 0.31 cB 2.7 aA ^ .2 B 5 a ϰ^ 1 b   9.  aA ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0.8 a  ϰ^ 
10.0 CSS 35 bB 0. 4 aA .4 bB ϰ^ 2.6 1 ϰ^ 7 aA ϰ  26.7 aB ϰ#^ 35.9 a  ϰ#^ 2.0 aA ^ 1.1 aB ^ 
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 b  ^ 2.5 bA 5 ϰ 27 aA ϰ^ 29.8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0 0 3.77 NS 9 73 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3. 7 * 2 63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8 51 6.44 ** 12.51 * 5.43 ** 
CV (%) 8.4 6 3 9.7 6.2 24.8 
 __________  II experimental season ____________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ^ 0.6 ϰ 
CF 0 2 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28 bA ^ 5 ϰ^ 1.6 ^ 17 3 A ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 7.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 bA ^ 0.31 bA 4 ϰ^ 1.6 ^ 7.0 bA ϰ  18 7 ϰ 18.9 ϰ#^ .7 ϰ#^ 1.8 bA #^ .7 cA #^ 
1 0 CSS 0.26 bB ^ .4 aA #^ 1.6 ^ 1.7 17.0 bB ϰ# 23.0  7 ϰ#^ 1 .6 #^ 2.5 aA ^ 2.8 aA ^
12.5 CSS 37 B #^ 0.44 aA # 1.6 ^ 1 6 20.5  15.7 cB ϰ 12.1 #^ 5.5 #^ 1.3 c  # 2.2 bA 
F-test 
AM 48.76 ** 3 4 2 45 NS 0.85 N 20.97 **
CSS r tes  37.4  ** 9 .55 * 13 15 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2 94 NS 6.46 ** 
CV (%) 9.0 0 8.2 9.8 14.6 
 ______________________________________________  Interpretation limit 1 ____________________________________________________ 
Low 0 0–0.2 –4 1 2 0–0.5 
Med um 0. 1– .60 0.3– .8 5–12 1 3 5 0 0.6– .2 
High 60 > .8 >12 5 0 >1.2 
*, ** and NS—i dicate significance a p ≤ .05, p ≤ 0.01, a d ot significant, r p ct v ly. Sig ificant iffer ces (p ≤ 0.05; T key t st) betwe n CSS rate  (lowercase 
lett s) or ap lication metho (uppercase l t ers) re i dicated by diff rent letter  fter m ans wi hin t  s me colum . Significa t differ ces (p ≤ 0.05; Du nett 
test) among th  reatment  are indicat d by iff ren  symbols (ϰ, #) a er t e m ans wi hin th  s e colu n. Sig ificant diff rences (  ≤ 0.05; Tukey test) among the 
tre tm nts for ifferent exp rim ntal seasons (I vs. II) are i dicated by the presence of the caret sy bol (^) af er the means within the s me column. 1 Raij et al. [35]. 
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Table 3. So l mi r ut ient conc n rati  (mg kg−3) fter two c n cutive experime t l seaso s of s ybean cultivati n according to application method (AM: WA = 
whol r a; BR = be ween rows) nd tr atm t (co r l, conventional fertilization (CF), and SS incre ing rates—Mg ha−1 on a wet basi ).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR  BR WA BR 
 ____________________________________  I xperimental season ___________________  
Control 0.20 ϰ .1 ϰ^ 22 ϰ^ 34.8  0.5 ϰ 
CF 0.26 #^ 2 3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 cB ϰ^ 2.  a ^ 4 a ϰ^ 7 A ϰ 8 6 aB ϰ#^ 3 .4 a ϰ#^ 1.0 bA ϰ 1.  aA ^ 
7.5 CSS 0.43 aA ^ 0.31 cB .7 aA ^ 2.2 B  25 21 A ϰ 29.1 a  #^ 29.2 bc  ϰ#^ 1.3 b  ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 bB ϰ^ 2.6 a  ^ 1 a ϰ 2 A ϰ 26.7 B 35.9 A ϰ#^ .0 ^ 1.1 aB ϰ
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .  bA 25 ϰ 27 A ϰ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** 0.30 NS 3.7  NS 9.73 ** 11.6 **
 rates 35.91 ** 0.42 NS 3 27 * 2. 3 NS 5. 6 *  
(AM) × (CSS) 9.71 ** 8.  ** .44  12.51 ** 5 43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________  II xperimental season ___________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ^ 0.6 ϰ 
CF .42 #^ 1 3 ϰ^ .0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0 28 bA ^ .5 ^ .6 ^ 17.3 b #^ 17.7bcA ϰ^ 17.1 ϰ#^ 1.2 cB # .  cA #^
7 5 CSS 0 7bA ^ 0.3  bA 1.4  1.6 7 0 #^ 7 ϰ 1 9 18.7 ϰ#^ 1.8 #^ .7 cA #^
0.0 CSS 0.26 B ^ .41 aA #^ 1.6 ^ 7 ^ 17 bB ϰ#^ 23.  6.7 ϰ#^ 15. #^ 2.  ^ 2.8 A ^
2.5 CSS 0 37 aB #^ 0 44 aA # .6 ^ 1 6 ^ 2 . ϰ 15.7 cB ϰ#^ 12 1  15. #^ 1.3 cA # 2.2 bA 
F-t   
AM 8.76 ** 3.44 NS .45 NS 0.8  NS 20.97 ** 
 rates  37.49 ** 4. 9 4.55 3.15 ** 36.42 *
(AM) × (CSS) 6.81 ** 0.29 NS 19 11 ** .94 NS 6 46 ** 
CV (%) 9.0 8.0 8.2 9.8 4.6 
  Interpretation limit 1 ___________________ 
Low –0.20 .2 4 –1.2 0–0.5 
M dium 0.21–0.60 0.3– .8 5–1 1.3– .  0.6– .2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an not significant, r pect v ly. Significant differ nces (p ≤ 0.05; Tukey t st) b tw en CSS r tes (lowercase 
lett s) r a lication m thods (uppercas  let rs) re indicat d by d fere t letters after means wi h  th  same column. Significant differences (p ≤ 0.05; Dunnett 
t s ) mo g th  t atments are i icat  differen  symbols (ϰ, #) ft r the eans wi hi h  s e column. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
tr tm nts for iffer  experim ntal easons I vs. II) ar indica d by the pr sen e o  the caret sy bol (^) ft r the means within the same column. 1 Raij et al. [35]. 
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T ble 3. o l mi ronutrient con rati n (mg kg−3) after w c e u v ex eriment l aso s of soybean ultivation acc r ing to application method (AM: WA = 
wh l  area; BR = wee  rows) nd tre me  (co tr l, conventional fertilizat o (CF), nd CSS incre sing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu F  Mn Zn 
WA BR WA BR  BR WA BR WA BR 
 I experimental season ______________________________________  
Control 0. 0 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 a  ^ 24 a ϰ^ 27 a  ^ 8.6 a #^ 32.4 ab  ϰ#^ .0   1.2 a  ^ 
.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 bB  5 a ϰ  21 b  ϰ 29.1 29.2 bcA ϰ#  1.3 b   0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 ^ 27  ϰ^ 6.7 aB ϰ#^ 3 .9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2 abA  25 a ϰ 27 a  ϰ 9.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5. 6 * 
(AM) × (CSS) 59.71 ** 8.51 * 6.44 * 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ______________________________________ 
Control 0, 9 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ .6 ^ 3 bA ϰ#^ 1 .7bcA ϰ^ 17.1 ϰ#^ 17.1 #^ 1.2 cB # .5 c  #^ 
7.5 CSS 0.2 bA  0.31 bA 1.4 ϰ^ 1.6 ^ .0 b  ϰ#^ . bA ϰ 18.9 ϰ#^ 18.7 #^ 1.8 b  #^ 1.  c  #^ 
0.0 CSS 0. 6 bB ^ .4 aA #^ 1.6 ^ 1.7 17.  B ϰ#^ 3 aA ^ 6 7 ϰ#^ 15.6 #  2.5 aA ^ 2.8  ^ 
2.5 CSS 0.37 aB #^ 0 44 aA # 1.6 ^ .6 0.5 A ϰ 5.7 B ϰ#^ 12.1 #^ 15.5 ^ 1.3 cA # 2.2 A 
F- est
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 2 . 7 ** 
CSS rates  37.4 ** 4. 9 4. 5 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
  Interpretation limit  ______________________________________ 
Low 0– .20 0–0.2 –4 0–1.2 0–0.5 
Medium 0. 1–0.60 0.3–0.8 5–1  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** and NS—i dicat  s g ifica ce at p ≤ 0 05, p ≤ 0.01, and ot signi ica t, re ct vely. Sig ificant diff rences (p ≤ 0.05; Tukey test) betw e  CSS r t s (lowercase 
letters) or a plic tion m thods (upp rc s  le ters) re i i ted y d f re t let r after mea s withi  the same c lumn. Significant differences (p ≤ 0.05; Dun ett 
e ) a ong th  treat en s are indic d b  differ t symbols (ϰ, #) ft r t  it i  t   l . Sig ificant differences (p ≤ 0.05; Tukey est) a ong the 
reatment  for ffer xp rim ntal s asons (I vs. II) ar indicat d by the pres nc of the car t sy bol (^) fter th  mean  within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil micronutri n  conc tr tion (mg kg−3) ft r tw secutive exp rime tal se s s f s ybea  cultivati n acc r ing to application method (AM: WA = 
whole rea; BR = be we  rows) a d t e m nts (co ro , conve l f rtilization (CF), nd CSS incr asing rates—Mg ha−1 on a wet asis). 
Treatmen  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR 
 I experimental season ______________________  
Control 0.2  ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #  2.3 ϰ^ 24  25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 cB ϰ^ 2.6 aA ^ aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
.5 CSS 0.43 aA ^ .31 c 2.7 aA ^ 2.2 bB ϰ 25 aAϰ^ 21 b  ϰ 9.   ϰ#^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 aA ^ 2.4 bB ϰ^ 2.6 aA ^ 2 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS .77 NS 19.73 ** 11.62 ** 
C S rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.4  ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ______________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 b  ϰ^ 0.28 bA ^ 1.5 ϰ^ .6 ^ 7.3 bA ϰ#^ 17.7bc  ϰ^ .1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
.5 CSS 0.2 bA ^ 0.31 b 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 b  ϰ 1 .9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
.0 CSS 0.2  bB ^ .41 aA #^ 1.6 ^ .7 ^ 17.0 b  ϰ#^ 23.0 aA ^ .7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-tes   
AM 48.76 ** 3.44 NS 2. 5 NS 0.85 NS 20.97 ** 
C S r tes  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 ______________________ 
Low 0–0.2  0–0.2 0 4 –1.2 0– .5 
Medium .21–0.60 .3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—i dicat  s g fic n e a p ≤ 0.05, p ≤ 0.01, nd t sig ifi a t, resp ctiv ly. Sig ifica t iffer nc s (p ≤ 0. 5; Tuk y t st) between CSS rates (lowercase 
l s) or appl cation th ds ( pp rcas  l tt rs) are i dic e by diff r nt l tters fter a  within t e sam  colum . Significant differences (p ≤ 0.05; Dunnett 
te t) mong  trea ents ar  in icated by diff re t sy bols (ϰ, #) aft r t e ea withi  t  sam  colu n. Significant differences (p ≤ 0.05; Tukey t st) a ong the 
r at ents for diff r ex eriment l s as ns (I v . II) ar indic t d by the pres nc of r t symbol (^) after the m a s within the same column. 1 Raij et al. [35]. 
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T bl  3. S il mic o utrie  co ce tratio  (mg kg−3) fter o consecutive xperimental sea ons of soybean ultivation acc rdi g to application metho  (AM: WA = 
whol rea; BR = b we  r ws) d treatme ts ( o trol, co ve tional fertilization ( F), a d  creasing rates—Mg ha−1 on a wet basis). 
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season ____________________  
Control 0.2  ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 25.6 #  0.6 ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 bA ^ 2.4 cB ϰ^ 2.6 a  ^ 24 aAϰ^ 27 a ϰ^ 28.6 aB 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS .43 aA ^ 0.31 c 2.7 a  ^ 2.2 bB ϰ 5 a ϰ^ 21 bA ϰ 29.1 a  ϰ#^ 29.2 bcA #^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ 0.64 A ^ 2.4 a B ϰ^ 2.6 a  ^ 2  a ϰ^ 27  ϰ^ 26.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 N  19.73 ** 11.62 ** 
CSS rates 3 .91 *  0.42 NS 3.27  2.63 NS 5.16 **
(AM) × (CSS) 59.7  ** 8.51 ** 6. 4 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________ 
Control , 9 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ .6  .3  ϰ#^ 1 7bcA ϰ^ 17.  ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.2 bA ^ 0.31 b 1.4 ϰ^ 1.   17.0 b  ϰ#^ 1 .7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0 26 bB ^ 0.41 aA #^ .6 ^ .7 ^ 17 0 bB ϰ#^ 23 0 A ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ 0 44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 12.1 #^ 15. #^ 1.3 A # 2.2 bA 
F- st
AM 48.76 ** 4 NS 2. 5 N 0.85 NS 20 97 **
CSS r t s  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.  ** 0.29 NS 19. 1 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretati n limit 1 ____________________ 
Low 0 0.2  0 0.  0–4 0–1.2 0–0.5 
Medium 0.21– .60 0.3– .8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind c t sig ifica c  t p ≤ 0.05 p ≤ 0.01, and ot ignificant, esp ctiv ly. Significan  differe ces (p ≤ 0.05; Tukey test) betwee  CSS r t s (lo ercase 
l t s) o  appl cation me hods ( ppercas  l tt rs) ar  ndicated by iffere t l tt r a t  mea  withi  the sa e column. Signifi ant differe ces (p ≤ 0.05; Dunnett 
est) amo g th tre t ts are indicat d b different symb ls (ϰ, #) aft r the m a  wit i the sa  colu . Signifi a t diff re ces (p ≤ 0.05; Tukey est) amo g the 
t atments or diff ren  exp im ntal seasons (I v . II) r i dicated by the presenc  of the caret symb  (^) after the mean  within the same column. 1 Raij et al. [35]. 
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T bl  3. S l mi o utrie  conce tr on (mg kg−3) aft r tw  co secutive experimental seas s of soybean cultivation according to application method (AM: WA = 
wh l rea; BR = bet een rows) and tr a m nts ( o r l, co ventio al fertilizatio  (CF), nd CSS incre sing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________ I xperimental season ______________________ ___________________  
Control 0.2 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2 3 ϰ^ 24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB 0.41 bA ^ .4 bcB ϰ^ 2. aA ^ 24 aAϰ^ 27 A ϰ 8.6 aB ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0.43 a  0.3 c . ^ 2.2 bB ϰ 25 aA ^ 21 bA ϰ 29.  a  ϰ# 29.  bcA ϰ# 1.3 bA ^ 0.8 aB ϰ^ 
0.0 CSS 0.  B 0.64 aA ^ 2.4 abB 2.6 a  ^ 21 aAϰ^ 2 A ϰ 26.7 B 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.4   ^ 0.45 bA 2.6 abA ^ 2.5 ab  ^ 25 aAϰ 27  ϰ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11. 2 **
 rates 35.91 ** 0.42 NS 3.27 * 2.63 NS 5.16 **
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _____________ II xperimental season ______________________ ___________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1 3 ϰ^ 14.0 # 15.1  1.4 #^
5.0 CSS 0.24 b ϰ 0 28 bA ^ 1 5 ϰ^ 1. 7.3 b  #^ 7bcA ϰ^  17.1 ϰ#^ .2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA .3  b 1 4 ϰ^ 1. ^ 7 0 #^ .7 bA ϰ 9 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0.26 bB ^ 0.41 a #^ 1.6 ^ 1.7 ^ 17 bB ϰ#^ 23 0 aA ^ 6 7 ϰ#^ 15 6 #^ 2.5 aA ^ 2.8 A ^ 
1 . CSS 0.3  B 0.44 aA # 1.6 ^ 1 6 0.5 A ϰ .  cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 **
 rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 **
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 __________  Interpretation limit 1 ______________________ ___________________ 
Low –0.2  0– .2 0–4 0–1.2 0–0.5 
M dium 0.21–0.60 0.3– .8 5–12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** a d NS—ind cate ignificance a p ≤ 0.05, p ≤ 0.01, a d not signifi an , respect v ly. Significan  differences (p ≤ 0.05; Tuk y test) between CSS r tes (lowercase 
l t s) appl cat  hods ( ppercas letters) ar  in icat by differ t etters t  means wi hi  t e same colum . Significant differences (p ≤ 0.05; Dunnett 
t t) amo g t at e ts a indicat d b differ nt ymbols (ϰ, #) fter the m ans withi the sam  colu . Significant differences (p ≤ 0.05; Tukey test) among the 
trea m ts for d ff r  xperim ntal asons (I v . II) are indicat d by the pr s nce of e car t symb l (^) fter the means with n the same column. 1 Raij et al. [35]. 
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Agro omy 2020, 10, x; doi: FOR PEER REVIEW www. dpi.com/journal/agronomy 
Tabl  3. il m c utri t con r ti  (mg kg−3) ft tw  c s cutive exp rime a  se sons of s ybe cultivati  according t  application method (AM: WA = 
whole ; BR = betw e w  a d r atments (c tr l, conve tional fe liz tion (CF), a d CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA A BR WA BR 
 __  I experimental season __________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0. 8 cB ^ 0.4  b ^ 2.4 bc ϰ^ 2.6 aA ^ 24 a  27 aA ^ 28.6 B #^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.  aA ^ 
7.5 CSS 43 A ^ 0.31 cB 2.7 a  ^ 2.2 bB ϰ 5 a 21 b  1 a  ϰ#^ 29 c  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
1 0 CSS 0.35 b  ^ 0.64 A ^ .4 abB ϰ^ 2.6 aA ^ 21 a ^ 27  ^ 26.7 aB ϰ#^ 35.9  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^ 
1 .  CSS . 3 a  ^ 0.45 b  2.6 abA ^ .  bA ^ 25 aA  27  ^ 29 8 a  ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3. 7 NS 19.73 ** 11.62 ** 
CSS rates 5.9  * 0.4  NS 3.27 * 2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 *  8.51 ** 6.44  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____  II experimental season __________________ 
Control 0,19 ϰ 1.3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0. 2 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
.0 CSS 0.24 b  0.28 b ^ 1.5 ϰ 1.6 ^ 3 b ϰ#^ 17.7b ϰ^ 17.1 ϰ ^ 17. ϰ#^ .2 cB # 1.5 cA #^ 
7.5 CSS 0.2  0.31 bA .4 ϰ 1.6 ^ 7 0 b ϰ#^ 18.7 b ϰ 18.9 ϰ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
1 .0 CSS .26 bB ^ 0.41 aA .6  1.7 ^ 7 0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ 15.6 #^ 2.5 A ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1 6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3 44 NS 2.4  S 0.85 NS 20.97 **
CSS rates  37.49 * 4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) .81 ** 0.29 NS 19.1  ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low .  0–0.2 –4 –1.2 0–0.5 
Med um 0. 1– .6  0.3– .8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a NS—i c e signif ca ce t p ≤ 0.05, p ≤ 0.01, a d ot sig ificant, r c ively. Sig ificant diff r nces (p ≤ 0.05; T key test) betw n CSS ates (lowercase 
l t r ) r ppli i ods ( pper l tter ) a in cat d by iffere  lett rs aft r means withi  the sa  colum . Significant diff re ces (p ≤ 0.05; Dunnett 
tes ong t reatments are i cat d by diff r n  s l  (ϰ, #) f er the ns withi th  ame colu . S gnificant differ nces (p ≤ 0.05; Tukey test) among t e 
reatm s for diff ren  exp r men al se so s (I v . II) are indicated by th  presence of the caret symbol (^) after the m ans within the same column. 1 Raij et al. [35]. 
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Ag onomy 2020, 10, x; doi: FOR PEER REVIEW www. dpi.com/j urnal/agronomy 
T bl  . S il r trie t co c n ratio  (mg kg−3 f  two cons cutiv  experime tal seaso s f soybean cultivation according to application method (AM: WA = 
wh l  r ; BR = etween w  a d ea ments c t l, conventio al fertilization (CF), and CSS increasing r te —Mg ha−1 on a wet basis). 
Treat ent  
B Cu Fe Mn Zn 
WA  WA BR A  BR WA BR 
  I xperimental season ____________________________________  
Control 0.20 2.1 ϰ^ 22 ϰ^ 34.8 ^ 0.5 ϰ 
CF 0.2  # 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ  
5 0 CSS 0 cB ^ 0.4 bA ^ .4 bcB ϰ^ 2.6 aA ^ 24  27  ϰ^ 8.6 aB #  32 4 a  ϰ#^ 1.0 b  ϰ 1.  aA ^ 
7 5 CSS 43 a  ^ 0.31 cB .7 a  ^ 2.  bB ϰ 5 a ^ 2  A ϰ 1 a #^ 29.2 c  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CSS 0  bB ^ 0 64 aA  2.4 abB ϰ^ 2.6 aA ^ 21 a  2  ^ 26 7 B #^ 35.9  #^ 2.0 a  ^ 1.1 aB ϰ^ 
12. CSS 0.4 ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aA 27 ^ 9.8 aA 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
rates 3 91 0.42 NS 3.27 * 2.63 NS 5. 6 ** 
(AM) × (CSS) 9 7 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
 ______________ II xperimental season ____________________________________ 
Control 0,19 1.3 ϰ^ 7 7 19.1 ϰ^ 0.6 ϰ 
CF 0.42 1.3 ϰ^ 4.0 # 15.1  1.4 #^ 
5.0 CSS 0.24 bA ^ 0 28 bA ^ 5 ϰ 1.6 ^ .3 b #^ 7. bcA ϰ^  17.1 ϰ ^ 1.2 cB  1.5 cA #^ 
7 5 CSS 0 27  ^ 0 31 bA 1 4 ϰ 1.6 ^ 7.0 #^ 1 .7 bA ϰ 9 18.7 ϰ 1.8 bA #^ 1.7 cA #^ 
0.0 CSS 0 6 bB ^ 0 41 a  #^ .6 ^ .7 ^ 17 bB ϰ#  23.0 aA ^ 16 7 ϰ# 15.6 # 2.5 A  2.8 aA ^ 
2.5 CSS 0 37 aB #^ 0.44 a # 1.6 ^ .6 ^ 20.5 aA ϰ 5.7 cB ϰ#^ 2 1  15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3 44 NS 2 4 0.8  NS 20.97 ** 
 rates  37.49 ** 4.59 * 4 5 3. 5 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
 ________________ _________________ Interpretation limit 1 ____________________________________ 
Low –0.20 0–0.2 0–4 –1.2 0–0.5 
Me ium 0.21–0 60 .3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** nd NS—i dicate si if c  t p ≤ 0. 5, p ≤ 0.01, and significa t, r pectively. S gnifica t diff renc s (p ≤ 0.05; Tukey test) b tw n CSS rates (lowercase 
l t ers) r ppli io  m ods (upp c se l t r ) are icat  ifferent l tter aft r means within the same colum . S gnificant differences (p ≤ 0.05; Dunnett 
s ) mo g th  t at ent   i dicat d by differ nt y bols (ϰ, #) ft r th  m ns withi the same colum . S gnifica t differ nces (p ≤ 0.05; Tukey test) among the 
reat nt for diffe t xp i al e sons (I vs. II) r  i dica ed by the pr s c of the care  symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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T bl  3. il mi ro tr nt co tration ( g kg−3) fter tw co secutive xperimen al s sons f s ybe  cultivati n accor ing to application method (AM: WA = 
whol r ; BR = be w n ro s) nd re me ts (control, conv tional fert liz tion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____________ _______________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8  0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS .28 cB 0.41 b ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 aAϰ^ 27 aA ϰ^ 28.6 aB ϰ#^ 32.4 ab  ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.5 CSS 0. 3 aA ^ 0.31 cB .7 a   2.2 bB ϰ 25 aAϰ^ 2  b  ϰ 29.1 aA ϰ#^ 29.2 bc  ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.  CSS .35 B ^ 0.64 a  2.4 bB ϰ^ .6 aA ^ 21 aAϰ^ 27 aA ϰ^ 26.7 aB ϰ#^ 35.9 a  ϰ#^ 2.0 aA ^ .1 aB ϰ^ 
12.5 CSS 0 43 aA 0.45 bA 2 6 bA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0. 0 NS .77 NS 19.73  11.62 ** 
C S rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** .51 ** 6.4  ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _____________ _______________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 7.3 bA #  17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 c  #^ 
7.5 CSS .2 bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA #  18.7 b  ϰ 18.9 ϰ#^ 1 .7 ϰ#  1.8 bA #^ 1.7 c  #^ 
10.0 CSS 0.26 bB ^ 0.4   #^ 1.6 ^ 1.  ^ 17.0 bB ϰ  2 .0 a  ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12. CSS 0.37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 1 .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 * 3. 4 NS 2.45 NS 0.85 NS 20.97 ** 
CSS r tes  37.49 ** 4.59 * 4.55  13.15  36.42 ** 
(AM) × (CSS) . 1 ** 0.2  NS 19.1  ** 2.9  NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
_  Interpretation limit 1 _____________ _______________________ 
Low –0.20 0–0.2 0–4 –1.2 0–0.5 
Medium 0.21–0.6  .3– .8 5–  1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—ind a  sig if ca  a p ≤ 0.05, p ≤ 0.01, and ot sign fica , r sp ively. Sig ificant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
lett rs) or p lic io  m thods (up e cas  l tt rs) re ndicated by dif erent lett rs after m s within the sa e colum . Sig ificant differences (p ≤ 0.05; Dunnett 
o g th tr t e ts r ndica  by di f r  ymbol  (ϰ, #) f er m ans wi hin the same colu n. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
trea n s for differ t xp rim ntal s so s (I vs. II) ar indicat d by the pr s nc  of the c ret y bol (^) fter the m ns within the same column. 1 Raij et al. [35]. 
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T b e 3  il icronu ri t ent ation (mg k −3) f er tw  consecutive exper men al seasons of soybean cultivati  a cording to application method (AM: WA = 
whol ; BR = b w en row ) and treatments (con rol, conventional fertiliz io  (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment
B Cu Fe Mn Zn 
WA BR W  BR WA  WA BR WA BR 
  I experimental season ___________________________  
Control .20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ϰ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 CSS 0.28 cB ^ .41 b  ^ bcB ϰ .6 aA ^ 24 ϰ^ 27 a  ϰ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1.0 bA ϰ 1.2 aA ^ 
7.  CSS 0.43   0.31 cB .7 a  ^ 2.2 bB ϰ 25 A 21 bA ϰ 29 1 A #^ 29.2 bcA ϰ#^ 1.3 bA ^ 0.8 aB ϰ^ 
10.0 CS  0.35 bB ^ 0.64 a  ^ .4 bB ϰ  .6 aA ^ 2  A 27 A ^ 26 7 #^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
1 5 CS  0.43 aA ^ 0.45 bA 2 6 bA ^ 2.5 ab  ^ 25 ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0.42 NS 3.27  2.63 NS 5.16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 *  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ___________________________ 
Control 0,19 ϰ .3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24  ϰ  0.28 bA 1.5 ^ .6 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.  ϰ#^ .2 B # 1.5 cA #^ 
.5 CSS .27b  ^ 0.31 bA 1.4 ^ .6 17.0 bA ϰ#^ 8.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS .26 bB  0 41 a  #^ 1. ^ .7 ^ 17.0 bB ϰ#^ 3.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #  44 A # 1.6 ^ 1.6 ^ 20.5 a  ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA
F-test  
AM 48.76  3.44 NS .45 NS 0.85 NS 20.97 **
CSS r t s  37.49 ** .59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 * 0.2  NS 19 11 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 Interpretation limit 1 ___________________________ 
Low 0.20 0–0.2 4 0–1.2 0–0.5 
M dium 0.2 – 60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High > .60 >0.8 >12 >5.0 >1.2 
*, ** an NS—i dic e s c  at p ≤ 0.05,   . 1, nd t ig ificant, resp c ively. Significa t differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
o appli io  etho s (upp rca l ters) re indi ated by d ferent letters after mea s wit in th  same column. Significant differences (p ≤ 0.05; Dunnett 
) m g th tr e s are indicated by differ nt symbols (ϰ, #) a er th  a s within the same c lumn. Sig ificant differences (p ≤ 0.05; Tukey test) among the 
t at nts for diff r nt xp r ntal s ons (I vs. II) a  indic t d by the pr senc  f the care sy bol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronutri t concentrati n ( g kg−3) aft r t o co secutiv  experimental se sons f soybe n ultiv ti  ccordi g to applic ion meth d (AM: WA =
whole area; BR = between rows) and treatments (con rol, conventional fertilization ( ), nd CSS inc a ing rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR W  BR WA R 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control .20 ϰ .1 ϰ^ 22 ϰ^ 34.8 ϰ^ .5  
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ 2.6 aA ^ 4 a ϰ^ 27 aA ϰ^ 8.6 B ϰ#^ 32.4 ab  #^ 1.0 b   1.2 A ^ 
7.5 CS  0.43 aA ^ 0.31 cB 2.7 aA ^ .  bB ϰ 5 ϰ^ 1 b   29.1 a  #^ 29.2 bc  #^ 1.3 b  ^ 0.8  ϰ^ 
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ .6 A ^ 21 Aϰ^   ϰ^ 6.7 B ϰ#^ 35.9 a  #^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77 NS 19.7  ** 11.62  
CSS rates 35.9  ** 0.42 NS 3.27  2.63 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experime tal season ________________________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ .4 #  
5.0  0.24 b  ϰ^ 0.28 bA ^ .5 ϰ^ .  ^ .3 A ϰ#^ 17. bc  ϰ^ 17.1 ϰ#^ .  ϰ#  .2 cB # .5  #^ 
7.5 CS  . 7bA ^ 0.31 bA 1.4 ϰ^ .6 ^ 17.0 b  #^ 18.  b  ϰ 18.9 ϰ#^ 8.7 ϰ#^ .8 bA #^ 1.7 cA #^ 
0.0  . 6 b  ^ 0.4  aA #^ .  ^ .7 ^ 17.0 bB ϰ#^ 23.  A ^ 16.7 ϰ#^ .6 #^ 2. a  ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.4 NS 0.85 NS 20.97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.2  0– .  0 4 0–1.2 0–0.5
M dium 0.21–0.6  0.3–0.8 5–  1.3–5.0 . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate signifi nce at p ≤ 0.05, p ≤ 0.01, a  not ig ificant, resp ctiv ly. Significant differ c s (p ≤ 0.05; Tukey test) betw CSS r t s (l wercas  
letters) or application met ods (uppercase letters) ar  i icated by differ nt l tt rs aft r ea s withi  th  same column. Sig ific t differe ces (p ≤ .05; Dun tt 
test) among th  treatments re indicate  by different ymbols (ϰ, #) aft r th  ns within th  sam  column. Significa t differe ces (p ≤ 0.05; Tuk y te t) among th  
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu ie t concentration (mg kg−3) fter t o c secutive exp rimental seaso s of soybea ultiv tion ccording to application method (AM: WA = 
whole area; BR = b tween rows) and treatm nts (control, conventional fertilization ( F), nd CSS incr asing rates—Mg ha−1 on a wet basis). 
Treatment
B Cu Fe Mn Z  
WA BR WA BR WA BR WA BR WA BR 
 ____________________ I experime al season ____________________  
Control . 0 ϰ .1   ϰ^ 4.8 ϰ  . ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 2 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ .4 bcB ϰ^ .6 aA ^ 4  27 a  ϰ^ 8.6 B  3 .4 ab   .0   1.2 a ^ 
7.  CSS .43 aA  .31 cB 2.7 aA ^ .2 bB ϰ 5  1 b   9.   ^ 9.2 bc  ϰ#^ 1.3 b   .8  ^ 
0.0  .3  bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.  B  35.9   .0  ^ 1 1 aB ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  . 0  3.77 NS 1 . 3 ** 11.6 *
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** .43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experime al season ____________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   .3   .7bc  ^ 7.   .1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 bA 1.4 ϰ^ .6  1 .  A  8.7   8.9 18.  1 8  1 7 c #  
0.0  .26 b  ^ 1 a  #^ .   .7  1 .  bB ϰ#^ 23. A ^ 16.7 ϰ#^ .   2.5 a ^ 2.8 A ^ 
12.5 CSS 0.3 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 5 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 A
F- est 
AM 48.76  3.44 NS 2. 5 NS 0.  NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  3. 5 ** 36.42 *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________ Interpretation limit 1 ____________________ 
Low 0– .20 –0.2 0–4 .2 0– .
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 0.6– .2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— ndicat  significance at p ≤ 0.05, p ≤ 0.01, and ot significant, respectively. Signifi a t ifferences (p ≤ 0.05; Tukey test) betwee  CS  rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after ea  within the same column. Signifi ant differences (p ≤ 0.05; Dunnett 
test) amo g he treatments are indicated by different symbols (ϰ, #) after the ea  withi  the same column. Signifi ant differences (p ≤ 0.05; T key test) among the 
t eatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
.
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/j urnal/agronomy 
Table 3. Soil mi ronutri t conc trati  ( g kg−3) aft r two c s cutiv  xperimental se s s f s y a cultivatio  accordi g to application meth d (AM: WA = 
wh le a a; BR = between ows) and trea ments (co tr l, conventional fertilizatio  (CF), and CSS inc e sing r te —Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ________________________ ______________________________  I xperimental season _____________________________________________________ __________________  
Control .  ϰ .  ^ 2 ^ 34.8 ^ .   
CF 0.2  #^ 2.  ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5 0  .28 cB ^ 0.41 b ^ 2.4 bcB ϰ^ 2.6 aA ^ 4  7  8.6 aB #^ 3 4 b  #^ 1.0   1.2   
7 5 CS . 3 aA ^ 0. 1 c  .7 aA ^ .2 bB ϰ 5 ^  b   .1  #^ 9 c  #^ 1.3 b   .8  ϰ^ 
0.0  .35 bB ^ 0.6  aA ^ 2.4 abB ϰ^ 2.6 A ^ 1 A ^  ^ 6 7 B #^ 5.9 a  #^ 2.0 a   1.1 B ϰ  
12.5 CSS 0.43 a  ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27 ^ 9.8 a  28 5 c  ϰ#^ 1.4 b  1.3 aA 
F-test  
AM 50.48 ** .30 S 3.77  19.7  ** 11. 2  
CSS rates 35.9  ** 0.42 NS 3.27 * 2.63 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8.51 ** .44 * 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ________________________ _____________________________  II xperimental season ___________________________________________________ ____________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .  #^ 1.4 #^ 
5.0  .24  ϰ^ 0.28  ^ .5 ϰ^ .  1 .3 #^ c ϰ^ 7 #^ 7.1 ϰ#^ .2 cB # .5  #^ 
7 5 CS  . 7  ^ 31 A 1.4 ϰ^ .6 ^ 17.  b  #^ 8.7 b  ϰ 9 ϰ#^ 18.7 ϰ#^ .8 bA #^ 1.7 cA #^ 
0.0  .26 b ^ 0.41 aA #^ . ^ .7 ^ 7 0 bB ϰ#^ 3.0 ^ 16.7 ϰ#^ .6 # .5 aA ^ 2.8 A  
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 0.5 A ϰ .7 cB ϰ#^ 2 1 15.5 #^ 1.3 c # 2.2 A 
F-t st
AM 48.76 ** 3.44 NS 2.4 NS 0.85 NS 20 97 ** 
CSS rates  37.49  4.5  * 4.55 * 13.15 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.2  NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
 ________________________ __________________________  Interpretation limit 1 ________________________________________________________________________ 
Low –0.20 0–0.2 0 4 –1.2 0–0.5 
Med um .21– .60 0.3–0.8 –  .3–5.0 . –1.  
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—indicat  significanc  at p ≤ 0.05, ≤ 0.01, a  n t ig ifi nt, respectively. S gnificant differences (p ≤ 0.05; Tuk y test) betw  C S rates (lowercas
lett rs) r applicati  methods (upp rc s letters) are i ic t d by differ nt l tt rs fter eans withi  the sam  colum . S gnifica t differences (p ≤ 0.05; Du ett 
te t) a o g th  t atments ar  i dicat d by differ nt symbols (ϰ, #) aft r the a s within the m  colu . S gnifi a t iffere  (p ≤ 0.05; Tukey t st) amo g the 
treatm nts for differe t experim ntal easons (I vs. II) are indicated by the pr sence of the caret symbol (^) after the means with n the same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rie concentration (mg kg−3 after two co cutive exp r me tal easons of s ybea  cultivation accord ng to application method (AM: WA = 
whole are ; BR = be wee r ws) a d treatm ts (control, conve tio l fertiliz tion (CF), a d CSS i cr asin rates—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR   BR WA BR 
 _________ _ _ __ _ _ _ _ I experimental season ____________________________________  
Control . 0 ϰ .1   ϰ^ 34.8 ϰ^ .  ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0  
5.0  .28 c  1 b .4 cB ϰ^ .6 a  ^ 4  7 A ϰ^ 8 6 B  3 .4 a   .0   1.  A ^ 
7.5 CSS .43  .31 cB 2.7 aA ^ .2 bB ϰ 5   ϰ 9.    29.  bc  ϰ#^ .3 b  .8   
0 .3  B  64 B ϰ^ .   ^ 1 ϰ   7 B  35 9   2.0 A ^ 1 1 aB ϰ^ 
12 5 CSS 3 a ^ 0.45 bA 2.6 abA ^ 2. bA ^ 5 a 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 c ϰ#^ 1. bA 1.3 aA 
F-test  
AM 5 .48  . 0  3.77 S 9.73 ** 11.62 ** 
CSS rates 35.9   0. 2 NS 3 27 * 2.63 NS . 6 
(AM) × (CSS) 9.71 ** .51 ** 6.44 *  12.51 ** 5 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________________________ II experimental season ____________________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4  5.  #^ 1.4 #^ 
0  4 ϰ^ 8  ^ .5  .  .3  17. c  ^ .1 .1 .2 cB  .5   
7 5 CSS . 7b   0.31 bA .4 ϰ^ .6 . A #^ 18.7 b  ϰ .9  1 .7 ϰ#^ 1.8 b #^ .7 c #^ 
0 .26  . 1 a #^ .   .7 17.0 ϰ#^ 2 .0 aA ^ 6.7 ϰ#^ .6  2.  a  ^ 2.8 a  ^
12 5 CSS .37 B ^ 0 44 A # 1.6 ^ 1.6 ^ 2 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-test 
AM 8.76  3.44 NS 2. 5 S 0.8  NS 20.97  
CSS rates  37.49 ** 4. 9 * 4.55 13.15 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2. 4 NS 6 46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________________________ Interpretation limit 1 ____________________________________ 
Low 0–0.20 – .2 4 0 .2 0–0.5 
Medium 0.21– .60 0.3– .8 5–12 1.3–5.  . –1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i d te significance at p ≤ 0.05, p ≤ 0.01, a  no  signifi ant, respectively. Sig ifica t differences (p ≤ 0.05; Tukey test) b twe  CSS ates (lowercase 
letter ) or a lication m ho s (uppercas  letters) a e in cated by ifferent lett rs after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
tes ) mo g th  treat e t  are in cated by different symbols (ϰ, #) aft r the ea s within t e same colu n. Significa t differences (p ≤ 0.05; T key test) a ong the 
r atme ts for different exp rimental seasons (I vs. II) ar  indica ed by the presenc  of the caret symbol (^) aft r the means within the same column 1 Raij et al. [35]. 
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Table 3. Soil icr ut ient c centrati n (mg kg−3) fter two c n ecutive experi e t l eas of soybe n cultivati n accord g t  application method (A : WA = 
whole rea; BR = be w en rows) d tr atments (control, c ven ion l fertilization (CF), and C S incre in  rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA A BR WA BR WA BR 
  I experimental season _________________  
Control 0.20 ϰ .  ^ ^ 34.8 ϰ^ 0.  ϰ
CF 0.2 #^ .3 ϰ^ 4 ϰ 5.6 #^ 0.6 ϰ^ 
5.  .28 c 0.41 bA ^ 4 cB ϰ^ 2 6 a  ^ 24 ϰ^ 7 a ϰ^ 2 .6 B 32 4 a ϰ#^ .0  ϰ 1.2 aA
7.5  .43 ^ 0.31 cB 2.7 aA ^ .2 bB 5 ϰ^ 1  9 1  #  29.  bc  #^ .3 b ^ 0.8  ϰ^ 
.0 .3 B  .6 a  4 B ϰ^ .6  1 A ^ ϰ^ 26.  aB 3 .9   .0 a ^ 1.1 aB ϰ^ 
1 .5 CSS . 3 a  ^ .45 bA .6 abA ^ 2 bA 5 ϰ 7 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19.73 11. 2 *
CSS rates 3 .9  ** 0 2 NS . 7 .6  NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 1 .51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6 2 24.8 
 _____________  II experimental season _________________ 
Control 0,19 ϰ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ .3  14.0 # 5.1 #^ .4 #^
5.0  0 24 ϰ^ .28  ^ .5 ϰ^ .  .3  ϰ#^ . b   1 ϰ#^ 7 1 ϰ#^ .2 cB  5  #^ 
.5 7  ^ 0.31 bA 4 ϰ  .6 ^ A ϰ#^ 8 7  ϰ 8 9 ϰ#^ 8  #^ 7 c #^ 
.0 0.2 bB  1 ^ . ^ .7 ^ 7.0 b  ϰ#  3 0 6 7 ϰ#^ .6 #^ 2.5 aA .8 a ^ 
12 5 CSS .37 B #^ 0.44 aA # 1 6 ^ 1.6 ^ 20 5 a  ϰ 15.7 B ϰ ^ 2.1 #^ 1 . #^ 1.3 cA # 2.2 bA 
F-test
AM 8.76 ** 3.44 NS 2.4  NS .8  NS 20. 7 * 
CSS rates  37.49 * 4.59 4.55 13.15  36.42 *
(AM) × (CSS) 6.81 ** 0 29 NS 9.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9 8 14.6 
 __________  Interpretation limit 1 _________________ 
Low 0–0.20 0.2 0–4 –1.2 0 5 
Medium 21– .60 0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** an  NS—i d te s gnificance at p ≤ .05, p ≤ 0.01, a  not signifi ant, respect vely. Sig ificant differences (p ≤ 0.05; Tukey t st) betwe n CSS rates (lowercase 
l tt s) or application etho  (uppercase let er ) r  in icate b  ifferent lett rs af er m ans wi hin th  same colu n. Significant differ nces (p ≤ 0.05; Dunnett 
t st) among th  treatments are in icated by iffe ent symbols (ϰ, #) after he means within t  same colu . Significa t diff renc s (p ≤ 0.05; T key test) a o g the 
treatments for differe t experimental seasons (I vs. II) are i dicated by the presenc  of he caret symbol (^) af er the means within th  s me column 1 Raij et al. [35]. 
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Table 3. S il micr ut i t co c tr ti  ( g kg−3) ft r two c u v xp im n l se  f s ybea culti atio  accor i g to applicati n method (A : WA = 
whol r a; BR = be ween ows) d tr atment  (co r l, c vention l fertil z tion (CF), and S increa in  r tes—Mg ha−1 on a wet basi ).
Treatment 
B Cu Fe Mn Zn 
WA BR WA  BR A BR W  BR 
 _____ __ _ __ __ __ __ ____________  I experimental season __________________  
Control . 0 ϰ 1 ^ 2 ^ 34.8 ϰ^ .5  
CF 0.2 #^ .3 ϰ 4 ϰ .6 #^ 0.6 ϰ  
5.0  .28 cB ^ 0.41 bA ^ .4 cB ϰ^ .    4 aA 7  ^ 8.6 B ϰ#^ 3 .4 abA #^ 1.  bA ϰ 1.2 A ^ 
7.5 CS 3 aA ^ 0.31 cB .7 aA ^ .    ^  b  1 A  29 2 c   1.3 b  ^ .8  ϰ^ 
.0  .35 bB ^ 0.6  aA ^ .4 abB ϰ^ 2 6  ^ 1 a   ^ 6.7 B  3 .   #^ 2.  A ^ 1.1 aB ϰ^ 
12 5 CSS . 3 a ^ 0.45 bA .6 abA ^ bA ^ 25  7  ^ 29.8 a  ϰ#^ 2 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** 30 S 3 77 NS 9.7  * 11.62 * 
CSS rates 35.9 ** 0.  NS 3.27 * 2. 3 NS . 6 ** 
(AM) × (CSS) 59.71 ** 8 6. 4 * .51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season __________________ 
Control ,19 ϰ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF .42 #^ 1.3 ϰ 1 .0 # 15.   1.4  
5.0 .2   ϰ^ 0.28 bA ^ .5 ϰ^ .  ^ 3  #^ 1 .7bc ϰ^ 7.   7.  ϰ  .2 cB # 1.5  #^ 
7.5 CS . 7 ^ 0 31 bA 1. ^ 1.  17. b  #^ 18 7 ϰ 8.9 ϰ#^ 8.7 ϰ#^ .8 bA #^ 1.7 cA #^
1 .0  . ^ .41 aA #^ . ^ 7 ^ 7.0 bB ϰ#^ 23.   6.  ϰ  .6 #^ .5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 B #^ 0.44 aA # .6 ^ 1 6 ^ 2  ϰ 15.7 cB ϰ#^ 2.1 #^ 15. #^ 1 3 cA # 2.2 bA 
F- s  
AM 48.76 ** .44 NS 2 NS 0.85 NS 20.9  **
CSS rates  37.49  4.   4.55 * 13.15 * 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low 0 .20 0 0.2 4 0  0–0.5 
Medium 0. 1–0.60 0.3– .8 5  1.3– .0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—i dic t  s gnific nce at p ≤ 0.05, p ≤ 0.01, a  o  sign fic t, r pe tiv ly. Significant diff r ces (p ≤ 0.05; Tukey t st) bet  CSS ates (l w rcase 
l tt s) r a licatio  m thods (upp rc se let r ) r  i cate by d f r nt l tt rs after m a s wi hi  th  am  colum . Signific t differences (p ≤ 0.05; Dunnett 
t st) among th treatments ar  i cat d by iffer n sy bols (ϰ, #) aft r the eans wi  s e c lu . S gnifica t differences (p ≤ 0.0 ; Tukey test) among t e 
tre tments for differ t exp rim ntal easons I vs. II) ar indicated by the presen o  the caret sy bol (^) after the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. S il micronu i t c nc tration (mg k −3) fter tw  co s cutive ex eri e t l seaso s f s ybea cultivati ccording t  application method (A : WA = 
wh le rea; BR = betwee  rows) and t eatmen s control, co ve i al fertilizatio  (CF), a d CSS incre sing rate —Mg h −1 on a wet basis).
Treatmen  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA R
  I experimental season _________________________________ _____________________  
Control . 0 ϰ 2.1 ϰ^ 2 ^ 34.8 ϰ^ 0.5 ϰ 
F . 6 #^ .3 ϰ  24 ϰ 25.6 #^ .6 ^ 
5.0 CSS 0.28 cB ^ .4 bA ^ .4 bcB ϰ^ .6 aA ^ 4 a ^ 7 aA  28.6 aB ϰ#^ 32.4 a  ϰ#^ 1.0 b  ϰ 1.2 a  ^ 
7.  0.43 aA ^ 0.3 cB 2.7 aA ^ 2.2 bB ϰ 25 a ^ 21 bA ϰ 29.1 a  ϰ#^ 2 .  bc  ϰ#^ 1.   ^ 0.8 aB ϰ^ 
10.0 CSS 0.35 bB ^ .64 a  ^ 2.4 a B ϰ^ .6 a ^ 1 A ^ 27 a  ϰ^ 26.7 aB ϰ#^ 35.  aA ϰ#^ 2.0 a  ^ .1 B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27 a ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * 0.30 NS .7  NS 19.73 ** 11. 2 ** 
CSS rates 35.91 * 0.42 NS .27  .63 NS 5.16 * 
(AM) × (CSS) 59.71 ** 8.51 ** .44 * 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _________________________________ _____________________ 
Control 0,19 ϰ .3 ϰ^ 7.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
F 0.42 #^ .3 ϰ  4.0 # 5.1 #^ 1.  #^ 
5.0 CSS . 4 b  ϰ^ .28  ^ 1.5 ϰ^ .6 ^ .3 bA ϰ#  . bc  ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
.5  0.27 A ^ 0.31 bA .4 ϰ^ 1.6 ^ 1 .0 A ϰ#  18.  bA ϰ 18.9 ϰ#^ 8.7 ϰ#^ 1.8 b   1.7 c  #^ 
0.0 CSS 0.26 bB ^ . 1  #^ 1.6 ^ 1.7 .0 B #  .0 aA  6.7 ϰ#^ 15.6 #^ 2.5  ^ .8 a ^ 
2.5 CSS 0.37 B #^ 0.44 A # 1.6 ^ 1.6 0.  A ϰ .7 B ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 bA 
F- est
AM 48.76 * 3.44 NS 2.4  NS 0.8  NS 20.97 *
CSS rates 37.49 ** 4.59 * .55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2.94 NS 6. 6 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
  Interpretation limit 1 _________________________________ _____________________ 
Low 0–0.20 0 .2 0–4 0 1.2 0 0.5
M dium .21– .6  0.3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** d NS— dicat  s gnificanc t p ≤ 0.05, p ≤ 0.01, d not signif can , resp ctiv ly. Signifi nt diff rences (p ≤ .05; Tuk y t st) between CSS rat s (lowercase 
l tt rs) r applicatio  methods ( pp ca e let er ) r i dic te by differ nt l tters f r m ans it i  he sa  col m . Sig ifi ant differe ces (p ≤ 0.05; Dunnett 
te t) o g th  treat e t  r indic t d by diff r nt sy bol  (ϰ, #) after  m s withi  s e column. Signifi ant differe ces (p ≤ 0.05; T key test) a ong the 
treatm ts for diff rent experim ntal s asons I vs. II) are indicated by the presen  of the care  symbol (^) af er t e means with n the same column. 1 Raij et al. [35]. 
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T bl  3. S il micr utrie  con tr ti n (mg k −3) ft r t o secu ive experim ntal se s s of soybea  ultivation cc rding to applicatio  meth d (AM: WA = 
whol r a; BR = be we  rows) and t e m nts (control, conve t o l f rtilization (CF), and CSS i creasing rates—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
W  BR WA BR WA BR W BR WA BR
  I experimental season _____________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^   25.6 #^ 0.6 ϰ  
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 aA ϰ^ 8.6 aB  .4 ab   .0  ϰ 1.2 A ^ 
7.5 CSS .43 aA  0.3  c 2.7 aA ^ . bB ϰ 5  1 b  ϰ 9.1 A  29.2 bc   1.3 b   0.8   
0.0 .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 A ^ 1 ϰ^    6.7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 a ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.6  ** 
CSS rates 35.9   .42 NS 3.27 * 2. 3 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 4.8 
  II experimental seas n _____________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42  1.3 ^ 1 .0 # 15.1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .  .3  17. bcA ^ 7.1  .1  1.2 cB  .5   
7.5 CSS . 7bA  0.31 b  1.  ϰ^ 1.6 . A  18.7  ϰ 18.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c #^
0.0  . 6 b ^ .  #^ .  .7  17.0 bB ϰ#^ 23.  aA ^ 1 .  ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97 
CSS rates 37.49 ** 4.59 * 4.55  3.15 ** 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 In erpretation limit 1 _____________________ 
Low 0– .2  – .  0–4 –1.2 0–0.  
Medium .21–0.60 0.3–0.8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—indicat  s gn fica e t  ≤ 0.05, p ≤ 0.01, a  ot i if t, re pe tively. Sig ificant differ nc s (p ≤ 0.05; Tukey test) b wee  CSS rates (lowercase 
l tt r ) or ppli atio  methods ( ppercas  letters) ar  i ic e  by diff r nt l tters after mea  within the sam  colu . Significa t differences (p ≤ 0.05; Dunnett 
tes ) amo g tr m nts r  i dicat  y diff r n  sy b ls (ϰ, #) fter e e wit i  the sam  colum . Signifi nt differences (p ≤ 0.05; T key t st) among th  
reatm ts for d ff ren  ex e iment l s as ns (I v . II) are indic t d by the presenc  of t ar t sy bol (^) after e means within the same column. 1 Raij et al. [35]. 
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T bl  3. Soil mic onu ien  conce trati n (mg kg−3) fter two c secutive experimental seas ns f soybean ultivation ccor ing to application method (AM: WA = 
whol rea; BR = betwee  r ws) nd treatments ( on rol, conv nt onal fertilization ( F), and S increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____________________ ____________________  
Control 0. 0 ϰ .1 ϰ^ 2 ^ 3 .8 ϰ^ 0.5 ϰ
CF 0. 6 #^ 2.3 ϰ^ 2  ϰ 5.6 #^ 0.6 ϰ^ 
5.0  0.  cB 0.41 b  ^ 2.4 bcB ϰ^ 6 aA ^ 24 ϰ^ 7 a  28.6 B 32 4 ab  ϰ#^ .0  1.  aA 
7.  .4  A ^ 0.3  c  2.7 a  ^ 2.2 bB ϰ 5 Aϰ^ 2  b  9 1  #^ 9. bcA ϰ# 1 3 b ^ 0.8 ϰ^
0.0 0. 5 bB .6 a ^ 4 B ϰ^ 2.6 a  ^ 1 ^   ϰ^ 26.  aB 35.9  .0 ^ 1.1 aB ϰ^ 
12.5 CS  0 43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test 
AM 50.48 ** .30 S .7  NS 19 73 * 11. 2 * 
CSS rates 35.9  ** .42 NS 3.27 63 NS . 6 *
(AM) × ( SS) 59.7  ** 8.5  ** 6.44 ** 12.51 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _ II experimental season _____________________ ____________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 14.0 # 5.1 1.4 #^ 
5.0  0.24 ϰ^ .28 ^ .5 ϰ^ .6 ^ .3 A ϰ#^ . bc ^ 7.1 ϰ#^ 7 1 ϰ#^ .2 cB .5  #^ 
7.5  0. A ^ 0.3 b 1 4 ϰ^ 6 ^ . ϰ#^ 8 7 ϰ 8.9 ϰ#^ 8  1 8 b #^ 7 c #^
0.0 0. 6 B  1 ^  ^ .7 ^ .0 bB ϰ#^ 23.0  6 7 ϰ#^ .6 #^ 2.5 a   .8
12.5 CSS 0 37 B #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-t t 
AM 48.76 ** 3.44 NS 2.4  NS 0.8 NS 20.97 *
CSS rates 37.4  * 4.59 * 4.55 3 5 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.  8.2 9.8 14.6 
 _  Interpretation limit  _____________________ ____________________ 
Low 0– .2 0–0.2 –4 – .  –0.5 
Medium 0.21– .60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—ind cat  sig ificanc  p ≤ 0.05, p ≤ 0.01, a d ot significant, re ctively. Signifi an  differences (p ≤ 0.05; Tuk y test) between CSS rates (lowercase 
let ers) or applica io  me ho s ( p ercase etters) ar  i dicated b  iffere t l tter a t  mean  within the sa e colum . Signifi ant differences (p ≤ 0.05; Dunnett 
test) amo g he tre tments re in icat  by different symb ls (ϰ, #) after the mea  within the sam  col mn. Signifi ant differences (p ≤ 0.05; T key test) amo g the 
t at ts f  different exp rim ntal s asons (I v . II) ar indicat d by the prese c  of the caret symbol (^) after th  mea s within the same column. 1 Raij et al. [35]. 
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T bl  . Soil mi ronutrie  c ce tr on (mg kg−3) ft r t  co s cutive experi en al seasons of soybea cultivation according to application method (AM: WA = 
wh le r a; BR = bet en ows) and tr ments ( o tr l, conve tio al fertiliza io  (CF), and CSS incre sing r te —Mg ha−1 on a wet basis). 
Treatm nt  
B Cu Fe Mn Zn 
WA R WA BR WA BR WA BR WA BR 
 I xperimental season ____________________________________________________________  
Control .  ϰ .1  2 ϰ^ 4.8 ϰ  .5 ϰ 
CF 0.26  2.3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 0  . 8 cB 0.41 bA ^ 2.4 bcB ϰ^ . aA ^ 4  7 ϰ 8.6 B ^ 32 4 b  ^ .0  ϰ 1.2  ^ 
7 5 CSS .43 a   c .  ^ .2 bB ϰ 5  b  ϰ  #^ 9 c  #^ 1.3 b   0.8  
0.0 .  bB 0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1    6 7 B 35.9 a   2 0 ^ 1.1 aB ϰ^ 
12.5 CSS 0.4  ^ 0.45 bA 2.6 abA ^ .5 ab  ^ 25 aAϰ 27 ^ 9.8 a  28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19 73 * 11. 2 ** 
CSS rates 35.9  0.42 NS 3.27 * 2 63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 44 * 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II xperimental season ____________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ^ 0.6 ϰ 
CF 0.42 .3  4.0 # 15.1 #^ 1.4 #^ 
5.0 0.24  ϰ 0 28 b ^ 5  . 3  bc ^ 7.1  .2 cB  .5   
7 5 CSS 7 3 b 1.4 ϰ^ .6   8 ϰ .9 18.7 ϰ 1.8 b  #^ 1.7 c  #^
0.0  . 6 . 1  #^ .  .7 7 bB ϰ#^ 3 0 ^ 6.7 ϰ#^ 2.5  ^ .8 aA ^ 
12.5 CSS 0.37 aB 0.44 A # 1.6 ^ 1 6 0.5 A ϰ . B ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 bA 
F-t s  
AM 48.76 3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55 3 5 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
  Interpretation limit 1 ____________________________________________________________ 
Low – .2  – 2 –4 0 .  0–0.5
Medium 0.21–0.6  0.3–0.8 –12 .3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** nd NS— nd cat  sign fican e at p ≤ 0.05, p ≤ 0.01, and ot signifi an , r pectiv ly. S gnificant differen es (p ≤ 0.05; Tuk y test) betw e  CSS rates (lowercase 
l tt rs)  appl ca  thods ( pperc s letters) ar  i ic t d by differe t lett rs fter m ans within the same colum . S gnificant differences (p ≤ 0.05; Dunnett 
t t) a ng  t atm ts  i dicat d by differ nt ymbols (ϰ, #) after th  m a s wi hin the same colu . S gnificant differences (p ≤ 0.05; T key test) a ong the 
reatm s for ff r t experim ntal easons (I v . II) are indicated by the pr sence of t e car t sy bol (^) after the means with n the same column. 1 Raij et al. [35]. 
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T bl  3. il m ro utri t con tr ti  (m kg−3) aft tw  c s cutiv exp rimen a  seas s of s ybea cultivatio according to applicatio  method (AM: WA = 
whole r ; BR = betw en w  d re tme ts (c tr l, conv tio al fe iliz tion (CF), a d CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR A BR WA BR 
  I experimental season __________________  
Control . 0 ϰ .   2 ϰ^ 34.8 ϰ  .  ϰ 
CF 0. 6 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 .  ^ 0.4 b  ^ 2.4 c  ϰ^ .6 aA ^ 4  7 A  8.6 B  32.4 ab   .0  ϰ 1.2  ^ 
7 5 CSS . 3 A 0. 1 cB 2.7 a  ^ .2 bB ϰ 5 1 ϰ .1   9 2 c  ϰ#^ 1.3 b   0.8   
.0  0. 5 bB  0.6 A ^ .4 B ϰ^ .6 aA ^ 1 ^    6.  B  .9   .0 aA ^ 1.1 B ^ 
12.  CSS . 3 a  ^ 0.45 b  2.6 abA ^ .  bA ^ 25 aA  27  ^ .8 aA ϰ#^ 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 S 9.73 ** 11.62 ** 
CSS rates 3 .9  .42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71 *  8.51 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9 7 6.2 24.8 
  II experimental season __________________ 
Control , 9 ϰ .   7 7 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 4.0 # 15.1 ^ 1.4  
.0 0 24 ^ 0.28 b ^ 1.  .   3   1 . bc  ^ 7.   7.   1.2 cB  .5   
7.5 CSS 0. 7   0 31 b 1.4 ϰ .6    8.7 ϰ 8.9 #^ 8  ^ 1.8 b  #^ 1.7 c  #^ 
0.0 . 6 ^ 1  #  .  .7  7 b  #^ 23.0 a ^ 16.7 ϰ#^ .6 .5   2.8 aA ^ 
12.5 CSS 0 37 aB 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.  A # 2.2 bA 
F-tes  
AM 48.76 * 3 44 NS 2 4  0.85 NS 20.97 
CSS rates  37.49 *  4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 __________________ 
Low – .2  0–0.2 4 1.2 0–0.5
Medium 0.21– .60 .3–0.8 5–12 .3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** a d NS—i c te sig if ca c  p ≤ 0. 5, p ≤ 0.01, a d no  sig ifican , r pectively. Sig ifica t iff rences (p ≤ 0.05; Tukey test) b tw n CSS ates (lowercase 
l r ) r p li i  od ( pp rc s l tter ) a cated b differe t l tt r  aft r means within the sam  colum . Significant diff rences (p ≤ 0.05; Dunnett 
t t) mo g th tr at nt  r  i c t d by differe  symbols (ϰ, #) ft r th s wi hi the am colu . S gnificant differ n es (p ≤ 0.05; T key test) amo g the 
reatm s for diff n  xp rimen al e so s (I v . II) ar indicated by th  presenc of the caret symbol (^) ft r the m ans within the same column. 1 Raij et al. [35]. 
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T 3. Soil m r trie t co ce tr ti  (m kg−3) af two c s cutive experime tal s asons of soybe cultivation according to application method (AM: WA = 
wh le re ; BR = betwee w a d rea me ts (c t l, conventio al fertil zation (CF), and CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA WA BR   BR WA BR 
 __________________  I xperimental season ____________________________________  
Control . 0  .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.2 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5 0 8 cB ^ .4 b ^ 2.4 bcB ϰ^ .6 aA ^ 4  7   8.6 B  32 4 abA  .0  ϰ 1.2  ^ 
5 CSS 3 a   0.31 cB .7 a  ^ .2 bB ϰ 5   b   1  29.2 cA ϰ#^ 1.3 b   0.8   
0 0 .35 bB 0.64 ^ .4 B ϰ^ 2.6 aA ^ 1    6 7 B  35.9 a   2.0 aA ^ 1.1 B ^ 
1 . CSS 0.4 ^ 0.45 b 2.6 abA ^ .5 abA ^ 25 aA 27 ^ 9.8 aA 28 5 c  ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 S 9.73 ** 11.62 ** 
CSS rates 3 .9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71  8.51 ** 6.44 ** 12.5  ** 5.43 ** 
CV (%) 8.  6.3 9 7 6.2 24.8 
 __________________  II xperimental season ____________________________________ 
Control ,19  .   7 7 9.  ϰ^ 0.6 ϰ 
CF 0.42  1.3 ϰ^ 4.0 # 15.1 #^ 1.4  
5.0  .24  ^ 0.28 bA ^ .5 ^ .   .3  7. bc ^ 7.1  1.2 cB  .5   
7 5 CSS 7   0 31 bA 1.4 ϰ^ 1.   .   ^ 1 .7 b ϰ 9 18.7 ϰ 1.8 b #^ 1.7 c #^ 
0.0 6 ^ 1  #^ .  .7 7 bB ϰ#^ .0 aA ^ 6 7 ϰ# .6 .5 ^ 2.8 aA ^ 
12.5 CSS 0 37 aB #^ 0.44  # 1 6 .6 ^ 20.5 aA ϰ 5.7 B ϰ#^ 2 1 1 .5 #^ 1.3 cA # 2 2 bA 
F- est  
AM 48.76  3 44 NS 4 0.85 NS 20.97  
CSS rates  37. 9  4.59 * 4.5  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 *  0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  Interpretation limit 1 ____________________________________ 
Low –0.2  –0.2 0 4 –1 2 0–0.5
M diu  0.21–0.60 .3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** a  NS—in i at  signific c  at p ≤ 0.05, p ≤ 0.01, and ot signi ica t, r ectively. S gnifica t iff re ces (p ≤ 0.05; Tukey test) b tw  CSS rates (lowercase 
l t ers) r ppli tio ods (upperc s  l t rs) are i icat d by diff rent letters aft r means wit in t same colum . S gnific nt differ nces (p ≤ 0.05; D nett 
s ) mo g the at ts  i dica d by differe t y bols (ϰ, #) aft r the ns withi t e sa e colu . S gnificant differ nces (p ≤ 0.05; T key test) among the 
re t nt for diff re  xpe i al sons (I vs. II) r  i dica ed by the pr se c of the caret symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
 
ˆ 4568
Agronomy 2020, 10, x   9 of 20 
Agr nomy 2020, 10, x; d i: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
T bl 3. l m cro u r t c e r tion (m kg−3) f er two secutive xperimen a  s sons f ybe  cultivati n accor ing to application method (AM: WA = 
whol r ; BR = be w en ro s) nd tre tme t (control, conv tional fert liz tion (CF), and CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
  I experimental season _____________ _______________________  
Control .  ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #  .3 ϰ^  ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 c  ^ 0.41 A ^ 2.4 bcB ϰ^ .6 aA ^ 4  7 aA ϰ^ 8.6 B  32.4 ab   .0  ϰ 1.2  ^ 
7 5 CSS 43 a 0 1 cB 2.7 a  ^ 2.2 bB ϰ 5  1 b  ϰ 9.1 A 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0  .35 bB 0.6 4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B 35.9 a  2.0 aA ^ 1.1 aB ϰ^ 
12.5 CS  0.43 aA ^ 0.45 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  .77 NS 19.73 ** 11.62 ** 
C S rates 35.9  0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 9.71 ** 8.5 ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season _____________ _______________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #  1.3 ϰ^ 14.0  15.1 #^ 1.4 #^ 
5.0 0.24 ^ 0.28 bA ^ .5  .  .3  ϰ ^ 17.7bcA ^ 7.1  7.1 ^ 1.2 cB  .5 A  
7.5 CSS . 7bA  0 31 bA 1.4 ϰ .6 . A #^ 18.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0 .26 b ^ . 1 #^ .   .7 17.0 bB ϰ#^ 2 .0 aA ^ 16 7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
2. CSS 0. 7 B # 0.44 a 1.6 ^ 1 6 ^ 20.5 A ϰ 1 .7 cB ϰ#^ 12.1 #^ 15.5 #^ 1 3 cA # 2.2 bA 
F-tes  
AM 8.76 3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13. 5 ** 36.42 ** 
(AM) × (CSS) .81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
__________________  Interpretation limit 1 _____________ _______________________ 
Low –0.20 0– .2 –4 0–1.2 –0.5 
Medium 0.21–0.6  .3– .8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—i di a  si if cance a   . , p ≤ 0.01,  ot sign ficant, r sp tively. Sig ifica t differ nces (p ≤ 0.05; Tukey test) betwee  CSS rates (lowercase 
letter ) or p lica io m thods (up case l tters) are icat d by dif er nt lett rs af er s within the sam  column. Sig ifica t differences (p ≤ 0.05; Dunnett 
st  th tr t ts r dica ed by n  s b l  (ϰ, #) ft r  m a s wi in the same colu n. Sig ificant differences (p ≤ 0.05; T key test) among the 
t t n s for diff r t xp rimental s sons (I vs. II) ar indicat d by the pres nc of the c ret y bol (^) fter the m ns within the same column. 1 Raij et al. [35]. 
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T b e . S il icronu ri t con e t atio (mg k −3) after tw  co secutive exper men al seasons of soy ea  cultivation a cording to application method (AM: WA = 
whole re ; BR = be w en rows) and treatments (con rol, conventional fertiliz io  (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA  WA BR WA BR 
  I experimental season ___________________________  
Control . 0  .1   ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #  2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
.0 .28 cB ^ 0.41 b  B .6 aA ^ 4 ^ 7  ^ 8.6   32.4 ab   .0  ϰ 1.2 A ^ 
7.  CSS .43 aA  0.31 cB .7 .2 bB ϰ 5 ^ b  ϰ 9 A 29.2 bc  ϰ#^ 1.3 b   0.8   
0.0 .35 bB  0.64 aA ^  B ϰ  .6 aA ^    6 7  35.9 a   .0 aA ^ 1.1 aB ϰ^ 
1 5 CS  0.43 aA ^ 0. 5 bA 2 6 bA ^ 2.5 ab  ^ 25 ϰ 27 aA ϰ^ 2 .8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.62 ** 
CSS rates 3 .9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7 ** 8.51 * 6.4  *  12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ___________________________ 
Control ,19 ϰ .   17.7 ϰ  9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 bA .5  .  .3  17.7bc  ^ .1  7.   1.2 cB  .5   
.5 CSS . b ^ 0 31 bA 1.4  .6 .    8.7 b  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
.0  .2 b  0 a  #^ .   .7 17.0 B ϰ#^ 3.0 a  ^ 16.7 ϰ#^ .6  2 5 a  ^ 2.8 aA ^ 
12.5 CSS 0 37 B #^ 44 A # 1.6 ^ 1.6  20.5 a  ϰ 15.7 cB ϰ#^ 12.1 #  15.5 #^ 1.3 cA # 2.2 bA 
F- est  
AM 48.76  3.44 NS .45 NS 0.85 NS 20.97 
CSS rates  37.49 ** .59 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6. 1 * 0.2  NS 19 11 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 Interpretation limit 1 ___________________________ 
Low 0–0.20 0–0.2 4 0–1.2 0–0.5 
M d um 0.2 – 6  0.3–0.8 5– 2 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—i dica e si if c c  a  p ≤ 0.05,  1, n o significant, resp c ively. Sig ifica t differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
 o ppli ion m th ds (uppercas  lett rs) re indi ated by d ferent letters after mea withi  th  sa e column. Sig ificant differences (p ≤ 0.05; Dunnett 
) m g t  tr n s are indi ated b  dif r t sy bols (ϰ, #) a r th  mea s withi  the same c lu n. Significant differences (p ≤ 0.05; T key test) among the 




Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 
Table 3. Soil micronutrie t concentrati n (mg kg−3) aft r t o co secutive experimental seasons of yb cultivati  ccording to applic io  meth d (AM: WA = 
whole area; BR = between rows) and t ts (con ol, conventio al f r iliz ion ( F), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR W  BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________ 
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .5 ϰ
CF 0.26 #^ 2.3 ϰ  24  2 .6 #^ 0.6 ϰ^ 
5.0 S .28 c  ^ 0.41 b ^ 2.4 bcB ϰ^ 2.6 aA ^ 24 a  27 aA ϰ^ 8.6 B ϰ  32.4 ab ϰ .0  ϰ 1.2 aA ^
7.5 CSS 0.43 a   0. 1 cB 2.7 aA ^ 2.2 bB ϰ 5  21 b  ϰ 29.1 a   29.2 bc  #  1.3 b   0.8  
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.7 B  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 ab  ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 NS 19.73 ** 11.6 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experime al season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ .4 #^ 
5.0 S 0.24  ϰ^ 0.28 b  ^ .5  1.   .3 A ϰ  17.7bc   7.1  17.1  1.2 cB  .5   
7.5 CSS 0.27bA  0.31 b  1.4 ϰ^ 1.6  .  A  18.7 b  ϰ 8.9  8.7 ϰ#^ 1.8 b  # 1.7 c  #^ 
0.0  . 6  ^ . 1  #^ .   .7 17.0 bB ϰ#^ 23.  aA ^ 16.7 ϰ#^ .6 2.  ^ 2.8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 bA 
F-test 
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interp etation l mit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.  0–4 0–1.2 0–0.5
Me ium 0.21–0.60 0.3– .8 5– 2 1.3–5.0 . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate signifi nce at p ≤ 0.05, p ≤ 0.01, a d not sig ificant, resp ctiv ly. Significant differenc s (p ≤ 0.05; Tukey test) between CSS r t s (l wercase 
letters) or application met ods (uppercase letters) r  i icated by differ nt letters aft r eans within the same colu n. Signific nt differences (p ≤ .05; Du tt 
test) among th  treatments are i dicate  by diff rent ymbols (ϰ, #) aft r th  a s within th  same colum . Significa t diff r es (p ≤ 0.05; T k y te t) mong the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. Soil micronu ie t concentration mg kg−3) fter t o co s cutiv  experiment l seasons of s ybea  ultivation ccording to application m thod (AM: WA = 
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), and CSS incr sing ates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR
 ____________________ I experimental se son ____________________  
Control 20 ϰ .1 ϰ^ 4  .  ϰ
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 2 .  #^ 0.6 ϰ^ 
5.0 0.28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 a ϰ^ 27 a  ϰ  28. a ϰ#  32.4 ab   ϰ 1.2 a ^ 
7. CSS 0.43 a ^ 0.31 cB 2 7 aA ^ .2 B ϰ 25 a 21 b  ϰ 29.  a ϰ#^ 9.2 bc  ϰ#^ 1 3 b  0 8  ^ 
0.0  .35 bB  0.6 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.  B 35.9 A  .0  ^ 1 1 aB ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ .4 bA 1.3 aA 
F-test 
AM 50.48 ** . 0  3.77 N 19 73 ** 1.6  *  
CSS rates 35.9   0.42 NS 3.27 * .63 NS 16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** . 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ____________________ II experime tal season ____________________ 
Control ,19 ϰ .   17.7 ϰ^ 9  0.6 ϰ
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  1.  ^ .3  #^ .7bc ϰ^ 17.  ϰ#^ .1 1.2 c   .5  ^ 
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ 7.  A  18.7  ϰ 8.9 8  1 8 #^ 1 7 c  #^ 
0.0  26 b  ^ 1  #^ .   .7 1 .0 bB ϰ#^ 23. a ^ 16.7 ϰ#^ . 2. 2 8 A ^ 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 5 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 A 
F- est
AM 48.76  3.44 NS 2. 5 N 0.8  NS 20.97  
CSS rates 37.49 ** 4.59 * 4.55  3 5 ** 36.42 *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________ Interpretation limit 1 ____________________ 
Low – .20 –0.2 –4 .2 0–0.
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— ndicat  significance at p ≤ 0.05, p ≤ 0.01, an  t significant, respectively. Signifi a t ifferences (p ≤ 0.05; Tuk y test) betwee  CS  rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after ean  within the sa e column. Signifi ant differences (p ≤ 0.05; Dun ett 
test) among he treatments are indicated by different symbols (ϰ, #) after the ea  within the same colum . Significa t differences (p ≤ 0.05; T key test) among the 
t eatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
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Table 3. o l mi ronutrient conce trati  (mg kg−3) aft r two consecutiv experimental seasons of soyb an cultiv t accor ing to a plica ion method (AM: WA = 
whole area; BR = b ween rows) and tre ments (co r l, conventional fertiliz ion (CF), and CSS inc e ing te —Mg ha−1 on a wet basis).
Treatment  
 Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 _________  I xperimental season ___________________  
Control 0.20 ϰ .  ϰ^ 2 ^ 4.8 ϰ^ 0.  ϰ
CF 0.26 #^ 2.  ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5 0 S 0.28 c . 1 ^ 2.4 bc  ϰ^ 2 6 a  ^ 2  a ϰ^ 27 ϰ^ 8 6 a ϰ 3  ab ϰ#^ .0  1.2 a
7.5 CSS 0.43 a  ^ 0.31 c  .7 aA ^ 2.2 B ϰ 5 a ^ 21  ϰ 29.1 a ϰ#^ 9.2 cA ϰ#^ 1.3 b  ^ 0.8  ϰ^ 
0.0 0.35 bB  . 4  4 B ϰ^ .  ^ 1 ^  ϰ^ 6.7 aB 9 a  ϰ#^ 2.0 a  1. B ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ .5 abA ^ 25 aAϰ 27 ϰ^ 9 8 a  ϰ#^ 28.  c  ϰ#^ 1.4 bA 1.3 aA
F-test 
AM 50.48 ** .30 S .7   19.73 ** 1. 2 * 
CSS rates 35.9  ** 0.42 NS .27 .63 NS .16 *  
(AM) × (CSS) 59.71 ** 8.51 ** .44 ** 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________  II xperimental season ___________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.1 ϰ^ 0.6 ϰ
CF 0.42 #^ .3 ϰ^ 14.0 # 1 .  #^ 1.4 #^ 
5.0 S 0.24 b ϰ^ 0 28  ^ .5 ϰ^ 1 ^ .3  #^ 17. c  ^ ϰ#^ 7.  ϰ# .2 c  # .5 #^ 
7.5 CSS 0.27 A ^ 0.31 bA 1 4 ϰ^ 1 6 ^ #^ bA ϰ .9 ϰ#^ 18 7 1 8 b #^ 1 c #^ 
0.0 0.26 B 1  .  ^ .7 ^ 17 bB ϰ#^ 23 0 aA  6.7 ϰ#^ .6 #^ 2.  a  8 a
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 A 
F-test 
AM 48.76 ** 3.44 NS 2.4  S 0.8  NS 20.97 ** 
CSS rates  37.49 * 4.59 * .55  13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.2  NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 .2 9.8 14.6 
___________________ I terpretation li t 1 ___________________
Low 0–0.20 0–0.2 0 4 –1.2 0–0.5 
Medium 0.21–0.60 .3–0.8 5–12 3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not sig ificant, respect vely. Significant differences (p ≤ 0.05; Tukey test) betw en C S r tes (lowercase 
letter ) r applicati  methods (uppercase lett s) ar  indicat d by different le ters ft r mea s withi  the same colu n. Significant differences (p ≤ 0.05; Dunnett 
test) a o g the t atments are i dicat d b  different symbols (ϰ, #) fter the eans w thin the same colu . Significa t ifferences (p ≤ 0.05; T key test) a ong the 
treatm nts for differ  experimental easons (I vs. II) are indicat d by the pr sence of  caret ymbol (^) fter the means with n he same column. 1 Raij et al. [35]. 
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Table 3. Soil micr u rient concentration (mg kg−3) after two con cutive exper me tal easons of s ybea  cultivatio  accord ng t application method (AM: WA = 
whole are ; BR = be wee r ws) a d treatm ts (control, conve tio al fertilization (CF), a d CSS increasin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu F  Mn Zn 
WA BR WA BR  BR WA BR 
 _ _ __ _ _ _ _ I experimental seas n _________________  
Control . 0 ϰ .1 2 ϰ^ 3 .8 ϰ  .  ϰ
CF 0.26 #^ 2.3 ϰ^ 2  ϰ 25.6 #^ 0. ϰ^
5.0  28 0 1  c ϰ^ .6 a  ^ 4 ^ 7  ϰ^ 8 6 ϰ#^ .4 ab  1.0  ϰ 1.2 a ^ 
7.5 CSS 0.43 a ^ 0. 1 c 2.7 a ^ .2 B ϰ 2 1 ϰ 29  a ϰ#^ 29.  bc  ϰ#^ .  b 8  
0 3 B 0.64 A .  B ϰ^ .   ^ 1 ϰ   6 7 B  35.9   2.0 a ^ 1 1 aB ϰ^ 
12.5 CSS 3 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 5 a 27 a  ϰ^ 29.  aA ϰ#^ 28.5 cA ϰ#^ 1. bA 1.3 a  
F-test  
AM 5 .48 ** .30  3.7  S 19. 3 ** 11.62 ** 
CSS rates 35.9  0. 2 NS 3 27 * 2.63 NS . 6  
(AM) × (CSS) 9.71 ** .51 ** 6.44 *  12.51 ** 5 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________________________ II experimental season _________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ
CF 0 42 #^ 1.3 ϰ^ 4  5.1 #^ 1.4 #^ 
.0  . 4  ϰ^ 8   .5  1.  ^ .3  ϰ  7.7 c  ^ .1 ϰ#^ .1  .2 cB  1.5  
7 5 CSS 7b  31 A .4 ϰ^ 1.6 ^ . bA 18.7 b  ϰ 1 .9  1 .7 ϰ#^ 1.8 b  #^ 1.7 c #^
0 0.26  ^ . 1  . .7 17.0 23.0 aA ^ 6.7 ϰ#^ .6  2.  a  ^ 2.8 ^ 
12 5 CSS 37 B #^ 0 44 A # 1.6 ^ 1.6 ^ 20 aA ϰ 15.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # .2  
F-tes
AM 8.76  3.44 NS 2. 5 S 0.85 NS 20.97  
CSS rates  37.49 ** 4. 9 * 4.55  3. 5 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2. 4 NS 6 46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
_________________ In rpretat on l mit  _________________ 
Low 0–0.20 – .2 0 4 –1.2 0– .5 
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.0 . –1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i di te significance at p ≤ .05, p ≤ 0.01  a  not sig ifi ant, respect vely. Significa t differences (p ≤ 0.05; Tukey test) b twe  CSS rates (lowercase 
letter ) or a licati  m ho  (uppercase letters) a e indicated by ifferent lett rs after mea s within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
tes ) mo g th  treat ent  are in icated by different symbols (ϰ, #) aft r the ea s within the same colu n. Significant differences (p ≤ 0.05; T key test) among the 
r atme ts for different experimental seasons (I vs. II) ar  indica ed by the presenc  of the caret symbol (^) aft r the means within the same column 1 Raij et al. [35]. 
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Table 3. Soil icr ut ie t co centration (mg kg−3) fter two c ecutive experi t l easo of soybe  culti at ccord ng t  pplicatio  meth d (A : WA = 
whole rea; BR = be w en rows) a d tr atments (control, c ven ional fertiliz tion (CF), and C S increa i rat s—Mg ha−1 on w t basis).
Treatment  
B Cu Fe Mn Zn 
A BR WA WA BR WA BR WA BR 
  I experimental season _________________  
Control . 0 ϰ .1  22 ϰ^ 34.8 ϰ  .  ϰ
CF 0.2  #^ 2.3 24 5.6 #^ 0.6 ϰ^ 
5.  0.28 c .41 b  ^ 4 c ϰ^ .  a  4 a 2  ϰ .6 ϰ ^ 32.4 a ϰ  1.   ϰ 1.2 a ^ 
7.   ^ 0 1 c 2.7 a ^ .2 B ϰ 2  a ϰ  2 b ϰ .   ϰ# 9 bc  ϰ# .3  .8   
0 .3 B  0. 4 a 4 B ϰ^ .6 A 1 ϰ^  6.7 B 3 .9   2.0 aA ^ 1.1 aB ϰ^ 
12.5 CSS . 3 a  ^ .45 bA .6 bA ^ 2 bA Aϰ 27 aA ϰ^ 2 .8 aA ϰ#^ 28.5 cA ϰ#^ 1 4 bA 1.  aA
F-test  
AM 0.48  30  3.77 NS 9.73 ** 11.6  ** 
CSS rates 3 .9   0.42 NS .  * 2. 3 NS .16  
(AM) × (CSS) 59 71 ** 8.51  6 44 ** 1 .51 * 5.43 ** 
CV (%) 8.4 6.3 9.7 6 2 24.8 
 _________________ II experimental season _________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 9.  ϰ  0.6 ϰ
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ 1.4 #^
5.    ϰ^ 0.28 bA ^ .5 ^ .  .3   7b  1 7. ϰ#^ .2 cB  5   
 7b  ^ 0.31 bA .4 ϰ  .  .  A ^ 18.7  ϰ 8.9 1 .7 ϰ#^ .8 b #^ 1.7 cA #^
.0 0.2 b  ^ . 1 #^ . .7 7.0 b ϰ# 3 0 16.7 ϰ#^ .6 2.5 a ^ 2.8 aA ^ 
12 5 CSS .37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20 5 aA ϰ 15.7 B ϰ ^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.  bA 
F-test
AM 8.76 *  3 4  2.45 NS 85 S 20. 7 *  
CSS rates  37.49 ** . 9 * 4.55  13.15 ** 36.  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.  8.2 9 8 14.6 
 _________________ I terpret t o limi  1 _________________ 
Low 0 20 0  0–4 5 
Medium 21–0.6  0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** an  NS—i d te s gnificance at p ≤ .05, p ≤ 0.01, and not signifi ant, respect v ly. Sig ificant diff rences (p ≤ 0.05; Tukey t st) betwe CSS rates (lowercase 
l tt s) or application etho  (uppercase let er ) r  i dicated by differe t lett rs af er m ans wi hi  th  s me colu n. Significant differ nces (p ≤ 0.05; Dunnett 
test) among th  reatments are in icate  by i f ent symbols (ϰ, #) af er he mea s within th  s me colu . Significa t diff renc s (p ≤ 0.05; T key test) a ong the 
treatments for differe t experimental seasons (I vs. II) are i dicated by the presenc  of he caret symbol (^) af er the means within th  s me column 1 Raij et al. [35]. 
 
55
Agronomy 2020, 10, x   9 of 20 
Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/j urnal/agronomy 
Table 3. Soil mi r ut i t conc r ti  (mg kg−3) ft r two c n cutiv ex erim t l seaso s f s ybea culti ati n accor ing to pplication method (A : WA = 
whole r a; BR = b ween ows) nd t a m ts (co tr l, conventi l fertiliz ion (CF), nd C S incre i g r tes— g ha−1 on a wet basis).
Treatment  
B Cu Fe M  Z  
WA BR WA  BR  BR W BR
 I xperimental season _ _ _ _ ____________________________________________________  
Control 0.20 ϰ .1 ϰ^ 2 ^ 34 8 ϰ^ 0.5 ϰ
CF 0 6 #^ 2 ϰ^ 24 ϰ .6 #^ 0.6 ϰ^ 
5 0 S 0.28 c 0.41 b ^  bc  ϰ^ 2 ^ 4 a ^ ^ 2 6 ϰ#^ 3 4 b  ϰ#^ 0 A ϰ 1.2 aA 
7.5 CSS 43 a ^ 0.31 cB 7 aA ^ 2.  B  5 1  ϰ 1 a ϰ#^ 29.  c  ϰ#^ 1 3 b  ^ .8  ϰ^ 
0.0  0.35 bB  .64 a ^ 2 4 B ϰ^ 2.6 ^  2 ^ 6 7 B 35.9 a  ϰ#^ 2.   ^ .1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 b  2.6 abA ^ .  bA 25 ϰ 27 ^ 9.8 a  28 5 c  ϰ#^ .4 bA .3 aA 
F-test 
AM 5 .48 ** . 0 S .7  NS 9.73 ** 1. 2 * 
CSS rates 35.9 ** 0. 2 NS 3 27 2. 3 NS .16 ** 
(AM) × (CSS) 9.71 ** 8.  ** 6.44  12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II xperimental seas n _ _ _ _ _ ____________________________________________________ 
Control 0,19 ϰ .  ϰ^ 7 7 ϰ^ 9.1 ϰ^ 0.6 ϰ
CF .42 #^ 1 3 ϰ^ .0 # 15.1 #^ 1.4 #^
5.0 S 24  ϰ^ 28 ^ .5 ^ .6 ^ .3 #^ . bc ^ 7. ϰ  .2 cB # 5  #^ 
7.5 CSS 0 27 ^ 0 31 bA 1 1.6 ^   #^ 18 7 ϰ 9 8 7 ϰ 8 b #^ 1 7 c #^
0.0 0. 6 bB 1 ^ . ^ 7 ^ 7 bB ϰ#^ 23  6 7 ϰ#^ .6 # .5 a ^ .8  ^ 
2.5 CSS 0 37 B #^ 0 44 A # .6 ^ 1 6 ^ 20.5 ϰ 15.7 cB ϰ#^ 2 1 15. #^ 1. cA # 2.2 bA 
F- st  
AM 8.76 ** .44 NS 2.4  NS 0.8 NS 20.9  ** 
CSS rates 37.49 * 4. 9 .55 13.15 ** 36.42 * 
(AM) × (CSS) 6.81 ** 0.29 NS 19 11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __ _ _ _ _ ____________________________________________________
Low 0– .20 0 .2 4 –1.2 0–0.5 
M ium 0. 1–0.60 .3– .8 –1 1.3–5.0 .6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i dicate significance at p ≤ 0.05, p ≤ 0.01, and not significan , r pectiv ly. S gnifica t differences (p ≤ 0.05; Tukey t st) b t en CSS rates (l wercase 
lett s) r a licatio  thods (uppercas  let rs) re in icat d by differe t letters after means wi h  h  same colu . S gnificant differences (p ≤ 0.05; Dunnett 
t s ) mo g th  t atments are i icat d by differen  sy bols (ϰ, #) aft r the eans wi hin h  sa e colu . S g ificant ifferences (p ≤ 0.05; T key test) among the 
tr tm nts for iffer t experim ntal easons I vs. II) are indica ed by the pr sen e o  the caret sy bol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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Tabl  3. S il mi ronu i t c centr tion ( g k −3) fter w o s cutive ex r t l seaso s f ybe ultivati  ccording t  application m thod (A : WA =
wh le a; BR = betwee  rows) and t eat s control, co ve i al fertilization (CF), d CSS inc sing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA R
 _ _  I experiment l season ____________________  
Control 0 ϰ 2.1 ^ 2 ϰ^ 34.8 ϰ 0.5 ϰ 
F .26 #^ .3 ϰ  24 ϰ 25.6 #^ 0.6 ϰ^ 
5.0  .28 cB ^ 0.41 bA ^ 2.4 bcB ϰ^ .6 a  4 7 a ϰ^ 8.6 B  32. abA  .0 bA ϰ 1.2 A ^
.5 .43 aA  0.31 cB 2.7  ^ 2 B ϰ 25 a  b ϰ 9.1 A  2 .2 bc  ϰ#^ 1.    0.8 a   
0.0  .35 bB  0.64 a  ^ .4 B ϰ^ 2.6 aA 1 ϰ^   6.7 B  35.  a  2.0 aA ^ 1.1 B ϰ^ 
12.5 CSS 0.43 aA ^ .45 b  2.6 abA ^ .5 abA ^ 25 a ϰ 27 a ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 * .   3.77 NS 19.73 ** 11 62 ** 
SS rates 35.9   0.42 NS .27 * 2.63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** .44 * 12.51 ** 5 43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season ____________________ 
Control ,19 ϰ 1.  ^ 17.7 ϰ^ 19.  ϰ  0.6 ϰ 
F 0.42 #^ 1.3 ϰ  14.0 # 15.1 #^ 1.  #^ 
5.0  0.24  ϰ^ 0.28 bA ^ 1.5  .   .3 b ^ 1 7bc  ^ .1  17.1  1.2 cB # .5 A  
.5 SS . 7bA  0.31 bA 1.4 ϰ^ .6  7.   ϰ ^ 18.  b  ϰ 18.9  18.7 ϰ#^ 1.8 b  1.7 c  #^ 
0.0 .26 b  ^ 1 a  #^ .  .7 ^ .0 bB ϰ#^ .0 A ^ 16.7 ϰ#^ .6  2.   ^ 2.8 A ^ 
2.5 CSS 0.37 aB #^ 0.44  # 1.6 ^ 1.6 0.  A ϰ .7 B ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2 2 bA 
F- est  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
SS rates 37.49 ** .59 * .55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 .2 9.8 14.6 
  Interp t tion limit 1 ____________________ 
Low 0–0.20 0– .2 0–4 0–1.2 0–0.5
Med um .21–0.6  0.3– .8 –12 .3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** d NS— icat  s gnificanc   p ≤ 0.05, p ≤ 0.01,  ot significan , resp ctiv ly. Signifi ant differe ces (p ≤ .05; Tuk y test) betw en CSS rat s (lowercase 
l tt rs) or applicatio  met ods (upp case l t ers) r  i dic te  by differ nt letters ft r m an  ithi e sa e col n. Signifi ant differe ces (p ≤ 0.05; Dunnett 
te t) o g h  treat e t  ar  indicat d by differ nt ymbol  (ϰ, #) aft r t  m a withi e s e column. Signifi ant differe ces (p ≤ 0.05; T key test) a ong the 
t eatm ts for diff rent exp rim ntal s asons I vs. II) are indicated by the presen  of the care  sy bol (^) after the means with n the same column. 1 Raij et al. [35]. 
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T bl  . S il micr utrie  c c tr ti  (mg k −3) ft r t o secutive xperim ntal se s s f soyb a  ultivation ccor ing to applicatio  meth d (AM: WA = 
whol  r a; BR = betwe n rows) a d t nts (con rol, conve t o al f tilization (CF), nd CS increasing rates—Mg h −1 on a wet basis). 
Treatment  
B Cu Fe Mn Z  
W  BR WA BR WA BR W  BR WA BR
____________ __________________ _______ __ I experimental season ___________________ _____________________  
Control .  ϰ .1  22 ϰ^ 34.8 ϰ .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 2   5.6 #  0.6 ϰ^ 
5.0  0.28 c ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 2  a ϰ^ 27 a  ϰ^ 28 6 a  ϰ#^ 32.  ab  ϰ#^ .0  ϰ 1.2 aA ^ 
7.5 CSS 0 3 a  ^ 0.3  c  2.7 aA ^ .2 B ϰ 2  a  21 b  ϰ 9.1 a  ϰ#^ 29.2 bc  ϰ#  1.3 b  0.8   
0.0 .35 bB 0.64 aA ^ .4 B ϰ^ 2.6 aA ^ ϰ^    6 7 B 35.9 a   2.0 aA ^ 1.1 aB ϰ^
12.5 C S 0.43 a ^ 0.45 bA 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1 4 bA 1.3 aA 
F-test  
AM 50.48 ** 3  .77 NS 19.73 ** 1.6  ** 
CSS rates 35.9   .42 NS 3 27 * 2.63 NS .16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 4.8 
______________________________ _____ __ _ II experimental seas n ___________________ _____________________ 
Control ,19 ϰ .  ϰ  17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 1 .0 # 15.  #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  .  17.3  ϰ#^ 17.7bc  ^ .1 ϰ#^ 7.1  1.2 cB  .5   
7.5 CSS 0.27bA  0.31 b  1.4 ϰ^ 1.6 .  A 18.7  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  . 6 ^ .   #^ .  .7 7.0 bB ϰ#^ 3. A ^ 1 .7 ϰ#^ .6  2.5 a  ^ 2.8 A ^ 
12.5 CSS 0.37 B #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA
F-test  
AM 48.76  3.44 N  2.45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4.59 * 4.55  3.15 ** 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I erpretat o  limit 1 ___________________ _____________________
Low 0– .2  – . –4 –1.2 0–0.  
Me ium .21– .60 .3– .8 5– 2 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—in icat  s gn fi e ≤ 0.05, p ≤ 0.01, d ot i if c nt, re p tiv ly. Sig ificant differe c s (p ≤ 0.05; Tukey test) be wee  CSS rat s (lowercase 
l ter ) or application met ods ( ppercase lett rs) ar  i ic e  by diff r nt l tters aft r mean  within the sam  colum . Significant differences (p ≤ .05; Dunnett 
t ) amo g  tr a m nts re i icat   diff ren  y b ls (ϰ, #) aft r e e wit i  th  sam  column. Signifi nt differences (p ≤ 0.05; T k y t st) among th  
r at ts for d ff r  ex eriment l s as ns (I v . II) ar indic t d by the presenc  of t ret sy bol (^) after e mea s within the same column. 1 Raij et al. [35]. 
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Tabl 3. oil mic o u i conce trati n (mg kg−3) fter wo c secutive xperimental seas ns f soybea ultivation cc r ing to application method (AM: WA = 
whol rea; BR = betwe  r ws) a d treatments ( on rol, co ventional fertilization (CF), and SS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn
WA BR WA BR W  BR WA BR WA BR 
___________________  I experimental season ____________________ ____________________  
Control . 0 ϰ .1  2 ϰ^ 34.8 ϰ  .  ϰ 
CF 0. 6 #^ 2.3 ϰ^  ϰ 25.6 #^ 0.6 ϰ^ 
5. 0.  c ^ .41 b ^ 2.4 bc  ϰ^ . A ^ 4   aA ϰ^ 8.6  ϰ  32.4 ab  ^ .  ϰ 1.  aA ^ 
7. .  A ^ 0.3  c  2.7 a  ^ .2 B ϰ  ϰ  2  bA ϰ .1  ϰ#^ 9. bc  ϰ# .3  0.8  
0.0 5 bB 0. a ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^   . B  35.9  0 ^ 1.1 aB ϰ^ 
12.5 CS  43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 0.48  .30  .77 NS 9 73 ** 11.62 ** 
CSS rates 5.9  .42 NS 3.2  * 2 3 NS .   
(AM) × (CSS) 59 7  ** 8. ** 6.44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 ___________________ II experimental season ____________________ ____________________ 
Control ,19 ϰ .   17.  ϰ^ 19.  ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  14.0 # 15.  #^ 1.4 #^ 
5.  . 4  ϰ^ 0.28 bA ^ .5  1.   .3 A  7. bc ^ 7.1  7.  ϰ#^ .2 cB  1.5   
7.  .2 b ^ 0.3  b .4 ϰ^ .  . 8 7 ϰ 8.9  8.  .8  #^ 1.7 cA #^
0.0 6  ^ a  #^ .  .7 1 .0 bB ϰ#^ 23.0 a  ^ 16.7 ϰ#^ .6  2.5 a   2.8 aA ^
12.5 CSS 0 37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 aA ϰ 7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-t st 
AM 48.76 *  3.44 S 2.45 NS 0.85 S 20.97 *  
CSS rates 37.4  ** 4.59 * 4.55 3 5 36. 2 ** 
(AM) × (CSS) 6.8  ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _________ _ _____ __ __ __ _  I erpre at o  limit 1 ____________________ ____________________ 
Low 0– .2 0–0.2 –4 .  –0.  
Me ium .21–0.6 .3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind cat  sig ifica ce p ≤ 0.05, p ≤ 0.01, a  ot significant, e ctively. Signifi an  differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
let ers) o  applica ion me ho s ( p ercas  etters) ar  ndicated b  iffere t l tter a t  mea  within the same column. Signifi ant differences (p ≤ 0.05; Dunnett 
st) among he tre tments re indicated by d fferent symb ls (ϰ, #) after the ea  ithin the sa  col . Signifi ant diff rences (p ≤ 0.05; T key test) amo g the 
t eat ents f  differen exp rim ntal s asons (I v . II) ar indicated by the prese c  of the caret symb l (^) after the mea s within the same column. 1 Raij et al. [35]. 
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T bl . oil mi r utrie  c ce tr (mg kg−3) ft r t  co s cutiv  experi en al seasons of soybea cultivation according to application method (AM: WA = 
wh le r a; BR = b t en ows) and tr ments ( o tr l, conve tio al fertilizatio  (CF), and CSS incre sing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA R WA BR WA BR WA BR WA BR 
  I xperimental season ____________________________________________________________  
Control .  ϰ .1 ϰ  2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5 0 0. 8 c 0.41 b ^ 2.  bc  ϰ^ 2.6 aA ^ a  2  28.6 ϰ  3  ϰ  .  ϰ 1.2 a  ^ 
7 5 CSS .43 a  c .7 aA ^ .2 B ϰ a  2 b  ϰ .1 a  ϰ#^ 2 c  #^ 1.3  0.8  
0.0 .  bB 0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1     6 7 B  35.9 a   2 0 ^ 1.  aB ϰ^ 
12.5 CSS 0.4  ^ 0.45 bA 2.6 abA ^ .5 abA ^ 2  aAϰ 27 ^ 9.8 a 8 5 c  ϰ#^ 1.4 bA .3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19 73 ** 11.62 ** 
CSS rates 5.9  .42 NS 3.27 * 2 63 NS . 6  
(AM) × (CSS) 59.71 ** 8.51 ** 44 * 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 II xperimental season ____________________________________________________________ 
Control ,19 ϰ .  ϰ^ 17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 .24  ϰ^ 0.28 b ^ .5  1.  .3 #  bc ^ 7.1  1.2 cB  .5   
7 5 CSS 7  b 1.4 ϰ^ 1.6 ^ A  8 7 ϰ 9 8.7 ϰ 1.8 b  #^ 1.7 c  #^
0.0  .26 ^ . 1 #^ . .7 7 bB ϰ#^ 3 0 ^ 16.7 ϰ#^ . .5  ^ .8 aA ^ 
12.5 CSS 0.37 aB 0.44 A # 1.6 ^ 1.6 0.5 A ϰ .7 B ϰ#^ 2 1 15.  #^ 1.3 cA # 2.2 bA 
F-t st  
AM 48.76 3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55 3 5 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.  .2 9.8 14.6 
 __________  Int r tation limit 1 ____________________________________________________________ 
Low 0– .2  0– .2 –4 0 .  0–0.  
Medium 0.21–0.6  .3– .8 –12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* ** and NS—ind cat  sign fican e at p ≤ 0.05, p ≤ 0.01, a d ot signifi an , r spectiv ly. S gnifica differences (p ≤ 0.05; Tukey test) betw e  CSS rates (lowercase 
l t s)  appl ca  h ds ( pperc s letters) are i dic t d by differ t lett rs t  means within the same colum . S gnificant differences (p ≤ 0.05; Dunnett 
t t) a ong t atme ts a  i dicat d by differ nt ymbols (ϰ, #) after the m a s wi hin the sam  colu . S gnificant differences (p ≤ 0.05; T key test) a ong the 
reatm s for d ff r t experim ntal easons (I v . II) are indicated by the pr sence of t e car t sy bol (^) after the means with n the same column. 1 Raij et al. [35]. 
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T bl  3. il m r utrie t con e tr ti  (m kg−3) aft  tw  co s cutiv experimen a  se sons of s ybea  cultivation according to application method (AM: WA = 
whole are ; BR = betw  ws) nd r a ments (c tr l, conv tional fe t liz tion (CF), and CSS increasing r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA A BR WA BR 
 __ __ __  I xperimental season _____________________________________  
Control 0. 0 ϰ .  ϰ^ 2 ^ 4.8 ϰ^ 0.5 ϰ
CF 0. 6 #^ .3 ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5 . 8 cB .4  b 2.4 bc ϰ^ ^ 4 A  ^ 8 6 #^ 32 4 ab  ϰ#^ ϰ 1.2 aA ^
7 .  c .7 a ^ 2.2 B ϰ ^ 2 b  1  ϰ#^ .2 bc  ϰ#^ .3  ^ 0.8 a ϰ^
0.0 0.35 bB  . A ^ 4 B ϰ^ 2.6 a ^ 1    ^ 6 7 B 5.9 a  ϰ#^ 2.0 a ^ 1.1 aB
1 . CSS 0.43 a  ^ 0.45 b .6 abA ^ .5 abA ^ 25 aAϰ 27 ^ 8 a  28.5 c  ϰ#^ 1.4 bA .3 aA
F-test
AM .48 ** 30 S .  S 9.73 ** 11. 2 ** 
CSS rates 3 .9  * .42 NS 3.2  . 3 NS .16 ** 
(AM) × ( SS) 59.71 *  8.51 ** 6.44  12 51 ** 5. 3 ** 
CV (%) 8.  6.3 9.7 6.2 24.8 
 _ __ __ _ II xperimental season _____________________________________ 
Control 0, 9 ϰ .  ϰ^ 7 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 # 1.3 ϰ^ 4.0 15.1 #^ 1.4 #^ 
5. 0. 4 .28 ^ .5 ϰ .  ^ .3 #^ bc ^ .1 ϰ  1.2 cB # .5  #^ 
7. 27 ^ 1 4 ϰ^ . ^ #^ 18 7 ϰ 9 8 7 ϰ 8 b #^ 1 c #^ 
0 0 0 26 B 1 . .7 ^ 7 bB ϰ#^ 3 0  6 7 ϰ#^ .6 # .5 ^ 8 a  ^ 
12.5 CSS 0.37 aB #^ 0.44  # 1 6 ^ 1.6 ^ 0.5 A ϰ 15.7 B ϰ#^ 2 1 15.5 #^ 1.  A # 2.2 bA 
F-tes   
AM 48.76 ** 3.44 S 2.4  NS 0.8  S 20.97 ** 
CSS rates  37.49  4.59 * 4.5   13.15 ** 36. 2 * 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I ter retation limit  _____________________________________ 
Low – 2  0– 2 0 4 –1.2 0–0.5 
Medium .21–0.6 .3–0.8 5 12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS—in cate significance a  p ≤ 0.05, p ≤ 0.01, a d not sig ifican , r c ively. S gnificant iff r nces (p ≤ 0.05; Tukey test) betw n CSS rates (lowercase 
l tters) r ppl i  t ods (upperc s  l tter ) ar  i icated by differe lett rs aft r mea s withi  the ame colu . S gnificant diff rences (p ≤ 0.05; Dunnett 
tes ) ong the atments ar  i dicat d by differen sy bols (ϰ, #) fter th  ns wi hi the ame colu . S gnificant differ nces (p ≤ 0.05; T key test) among the 
treatm s for diff  xp ri en l e so s (I vs II) are indicated by th  pr senc of the caret symbol (^) fter the m ans within the same column. 1 Raij et al. [35]. 
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T b  3. oil m cr tri t co ce tr ti  (m kg−3) af  two co s cutiv  exp rime t l s asons of soybe cultivati  according to application method (AM: WA = 
wh l  re ; BR = between w  a d reatme ts (c t l, conv io al fertil z tion (CF), and CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA WA BR  BR WA BR 
I experimental season __________________ 
Control . 0 1 2 ϰ 34.8 ϰ .5 ϰ
CF 0.2 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5.0 0 8 c  ^ 0.4 b  ^ 2.4 bc ϰ^ 2.  a  ^ 24 a  27 a  ^ 28.6 #^ 32.4 ab   .0  ϰ 1.2 a  ^ 
.5 CSS 0.43 a  ^ 0.31 cB 2.7 aA ^ .2 B ϰ 5 a ^ 2   9 1 a ϰ#^ 29 2 bc  ϰ#^ 1.3 b  0.8 a  ϰ  
.0  . bB 0.64  ^ .4 B ϰ^ 2.6 aA ^ 1    6.7 B  35.9   2.0 aA ^ 1.1 B ^ 
12. CSS . ^ 0.45 b 2 6 abA ^ .  bA ^ 5 aA  27  ^ 29.8 aA ϰ#^ 28 5 c  ϰ#^ .  bA 1.3 aA 
F-test  
AM 50.48  .30  3.77 S 19.73 ** 11.62 ** 
CSS rates 3 .9   0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 9.71  8.51 ** 6.44 ** 12.5  ** 5.43 ** 
V (%) 8.  6.3 9 7 6.2 24.8 
  II experimental season __________________ 
Control ,19  .   7 7 ^ 9.  ϰ  0.6 ϰ 
CF 0.42  1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #  
5.0  24  ^ 0.28 bA ^ .  .6 ^ 17.3  #  7. bc  ^ 17.  ϰ#  7.1  1.2 cB  .5   
7.5 CSS 0 7b  0.31 bA .4 ϰ^ 1.6 ^ 1 .  A  1 .7 b  ϰ 18 9 ^ 18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
.0 6  ^ 1 #^ . ^ .7  7.0 bB ϰ#^ .0 aA ^ 6 7 ϰ .6  .5 a ^ 2.8 aA ^
12.5 CSS 0 37 aB #^ 0.44  # 1.6 .6 ^ 20.5 aA ϰ 5.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2 2 bA 
F-t st  
AM 48.76 *  3.44 NS 2 4 0.85 NS 20.97  
CSS rates  37.49  4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 *  0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8 2 9.8 14.6 
  I terpr tation limit 1 __________________ 
Low 0– .2  0–0.2 0 4 –1.2 0–0.5
Mediu  .21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** a NS—i i t  signif c at p ≤ 0. 5, p ≤ 0.01, and o  sig i ica t, r ectively. Significa t iff re ces (p ≤ 0.05; T key test) b tw  CSS ates (lowercase 
l t ers) r ppli tio ods (upperc se l t rs) are cated by diff rent letters aft r mean  wit in t same colum . Signific nt differ nces (p ≤ 0.05; Du nett 
s ) mo g the r at e ts a  i ca d by differ t y bols (ϰ, #) aft r the m ns withi the sa e colu . S g ific nt differ nces (p ≤ 0.05; T key test) among the 
re t nt for diff t xp i al sons (I vs. II) r  i dica ed by the pr s c  of the caret symbol (^) aft r the means within the same column. 1 Raij et al. [35]. 
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T b e . S il icronu ri  con e t atio (mg k −3) after tw  co secutive exper me al seasons of soy ea  cultivation according to application method (AM: WA = 
whole r ; BR = betw e  row ) and treatments (con rol, conventional fertiliza ion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR W BR WA WA BR WA BR 
I experimental season __________________________________________________  
Control . 0 ϰ .1 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0.26 #  2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
.0  0.28 c ^ . 1 bA 2 4  ϰ  .6 a  ^ 24 ϰ  27 a  ϰ  2 .6  ϰ#^ 32.4 ab   .0  ϰ 1.2 aA ^ 
7 C 0.43 a  ^ 0 31 cB .7  ^ 2.2 B ϰ 25 ^ 2 b  ϰ 29  #^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0.0 S .35 bB  0.64 aA ^ .4 B ϰ  6 aA ^     6 7  35.9 a   .0 aA ^ 1.1 aB ϰ^ 
1 5 CS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 ab  ^ 25 ϰ 27 aA ϰ^ aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** .30  3.77 NS 19.73 ** 11.62 ** 
C S rates .9  0.42 NS 3.27  2.63 NS .16  
(AM) × (CSS) 59.7  ** 8.51 * 6.4  *  12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
  II experimental season __________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0 42 #^ 1.3 ϰ^ 14 0  15.1 #^ 1.4 #^ 
5.0  0.24 A ϰ^ 0.28 bA .5 ^ .  ^ 17.3  ϰ#^ 17 7bc  ^ 1 .1 ϰ#^ 7.   1.2 cB  .5   
.5 CSS . bA ^ 0 31 bA 1.4 ^ .6 ^ .  b  18.7  ϰ 8.9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
.0  .2  b  ^ 0  a  #^ .   .7  17.0 B ϰ#^ 23.0  ^ 16 7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CS  0 37 B #^ 44 A # 1.6 ^ .6 20.5 a  ϰ 15.7 cB ϰ#^ 12.1 # 15.5 #^ 1.3 cA # 2.2 bA 
F- es   
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6. 1 * 0.2  NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  Interpretation limit 1 __________________________________________________ 
Low 0.20 0 0.  4 0–1.2 0–0.5 
Medi m 0.2 – .6  0.3–0.8 5– 2 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** NS—i dica si if c c  a p ≤ 0.05,  1, n o significant, resp ctively. Sig ifica t differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
l tt r ) o appl io  meth s (upp rcas  lett rs) re ind a ed by d ferent letters after mea  withi  th  sa e column. Sig ificant differences (p ≤ 0.05; Dunnett 
t) g t  tr a nts are indi ated b  dif er t sy bols (ϰ, #) a r th  mea s withi  the same c lu n. Significant differences (p ≤ 0.05; T key test) among the 
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Table 3. Soil micronutrie t concentrati n (mg kg−3) ft r t o co s cutive experiment l s asons of soybe ultiv ti  ccording to applic io  meth d (AM: WA =
whole area; BR = between rows) and t ts (con ol, conventio al fertiliz ion ( F), nd CSS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn
WA BR WA BR W  BR W  BR W  R 
 ______________________________________________________________ I experimental season ________________________________________________________________________ 
Control . 0 ϰ .1 ^ 2 ϰ^ 34.8 ϰ  .5 ϰ
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5.0  .28 c  ^ 0.41 b ^ 2.4 bc  ϰ^ .6 a  ^ 24 ϰ^ 7 aA ϰ^ 8.6  ϰ#^ 32.4 abA ϰ ^ .0  ϰ 1.2 aA ^
7.5 CSS 0.43 a  ^ 0.31 cB 2.7 a  ^ .2 B ϰ 25  2  b  ϰ 29.1 a  ϰ#^ 29.2 bc  #^ 1.3 b  0.8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.  B  3 .9 a   2.0 aA ^ 1.  aB ϰ^ 
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 ab  ^ 2.5 ab  ^ 25 a ϰ 7 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 1.62 ** 
CSS rates 35.9   0.42 NS 3.27 * 2.63 NS .16  
(A ) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5. 3 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 ______________________________________________________________ II experime tal season ________________________________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 1 .1 #^ .4 #^ 
5.0  0.24  ϰ^ 0.28 b  ^ .5  .  ^ 17.3  ϰ#^ 17. bc  ^ 17.1 ϰ#^ 17.1  1.2 cB  .5   
7.5 CSS 0.27bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A  18.7 b ϰ 8.9  8.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
0.0  . 6  ^ .  #^ .   .7  17.0 bB ϰ#^ 23. aA ^ 16.7 ϰ#^ .6 2.   ^ 2.8 aA ^ 
12.5 CSS 0.37 B #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 # 1.3 cA # 2.2 bA 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interp tation limit 1 ________________________________________________________________________ 
Low 0–0.20 – . –4 0–1.2 0–0.5 
Me ium 0.21–0.60 0.3–0.8 5– 2 1.3–5.  . –1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate signifi nce at p ≤ 0.05, p ≤ 0.01, and not ig ificant, resp ctiv ly. Significant differ c s (p ≤ 0.05; Tukey test) betw e  CSS r t s (lowercas  
letters) or application met ods (uppercase lett rs) r  i icated by differ nt lett rs aft r eans within th  same colu n. Signific nt differenc s (p ≤ .05; Du tt 
test) among th  treatments re indicate  by diff rent ymbols (ϰ, #) aft r th  s within th  sam  column. Significa t diff r e  (p ≤ 0.05; T k y te t) mong th  
treatments for different experimental seasons (I vs. II) are indicate  by the presence of the caret symbo  (^) after the means within the same colum . 1 Raij et al. [35].
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Table 3. Soil micro u ie t concentration (mg kg−3) fter t o c secutive experimental se s ns of s ybea  ultivation ccording to application m thod (AM: WA =
whole area; BR = b tween rows) and treatments (control, conventional fertilization (CF , and CSS incr sing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
WA BR WA BR WA BR WA BR WA BR
 ____________________ I experimental season ____________________  
Control 20 ϰ .1 ϰ^ 34 ϰ  .  ϰ 
CF 0. 6 #^ 2.3 ϰ^ 24 ϰ 2 . #^ 0.6 ϰ^
5.0 .28 c  ^ 0.41 b  ^ 2.4 bc  ϰ^ 2.6 a  ^ 4 Aϰ^ 7 aA ϰ^ 8.6  3 .4 abA  A  1 2 a ^ 
7.  CSS 0.43 a  ^ .31 cB 2.7 a  ^ .2 B ϰ 25 a  21 b  ϰ 29.  a ϰ#^ .2 bc  ϰ#^ .3 b  .  ^ 
0.0  .3  bB  0.64 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^    6.  B 35.9  .0  ^ 1 1 aB ϰ  
12.5 CSS 0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 a ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 8.5 cA ϰ#^ 1.4 bA .3 aA 
F-test 
AM 50.48 ** . 0  3 77 NS 19.73 ** 1.6  ** 
CSS rates 35.9   0.42 NS 3.27 * .63 NS 16  
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 12.51 ** 5.  ** 
V (%) 8.4 6.3 9.7 6.  24.8 
 ____________________ II experime tal season ____________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # .1 #^ 1.4 #^ 
5.0  0.24  ϰ^ 0.28 bA ^ .5  .   1 .3  #^ . bc  ^ 17.  ϰ#^ .1  .2 c   .5   
7.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 ^ .  A 8.7 8.9  18.   1.8  1.7 c  #  
0.0  .26 b  ^ 1  #^ .   .7 1 .0 bB ϰ#^ 23. A ^ 16.7 ϰ#^ .  2.5 a ^ 8 A 
12.5 CSS 0.37 aB #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 5 7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 A # 2.2 A 
F-test 
AM 48.76  3.44 NS 2. 5 NS 0.8  NS 20.97 * 
CSS rates 37.49 ** 4.59 * 4.55  3. 5 ** 36.42 *  
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ____________________ Interpretation limit 1 ____________________ 
Low 0–0.20 –0.2 –4 .2 –0.5 
Medium 0.21–0.60 .3– .8 5–12 1.3–5.0 . – .2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS— ndicat  significance at p ≤ 0.05, p ≤ 0.01, an  t significant, respectively. Signifi a t ifferences (p ≤ 0.05; Tukey test) betwee  CS  rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after ea  within the sa e column. Signifi a t differences (p ≤ 0.05; Du ett 
test) among he treatments are indicated by different symbols (ϰ, #) after the ea  withi  the same colum . Significa t differences (p ≤ 0.05; T key test) among the 
t eatments for different experimental seasons (I vs. II) are indicated by the presence f the c ret symbol (^) afte  the means within the same column. 1 Raij et al. [35]. 
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able 3. So l mi ronutrie t conce trati  (mg kg−3  aft r two co s cutive experimental seas s of soyb a  cultiv t  according to a plica ion method (AM: WA = 
whole area; BR = b tween rows) and tre ments (co r l, conventional f r iliz ion (CF), and C S inc e ing te —Mg ha− on a wet basis).
Treatment  
 Cu Fe M  Zn
WA BR WA BR W  BR W BR WA R 
 _________  I xperimental season ___________________  
Control . 0 ϰ .   2 ϰ^ 34.  ϰ .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 2 .6 #^ 0.6 ϰ^ 
5   .28 c ^ . 1 b  2.4 bc  ϰ^ . a ^ 24 7 A 8.    3  ab .    1.2 aA ^ 
7   . A ^ 0.31 c  .7 a  ^ 2.2 B ϰ   1 b  ϰ 2 .1 ϰ#^ 9. cA ϰ#^ .3 A ^ 0.8  
0.0 .35 bB  0. 4 A  .4 B ϰ^ .  ^ 1 ϰ^ 6.7 B 5 9 a   2.0 a  1.1 B ϰ  
12.5 CS  0.43 aA ^ 0.45 bA 2.6 abA ^ .5 ab ^ 25 aAϰ 27 ϰ^ 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA 1.3 A
F-test  
AM 0.48  .30  3.77  9.73 ** 11.62 ** 
CSS rates 35.9   0.42 NS .2 * 2. 3 NS .16  
(A ) × (CSS) 59.71 ** 8.51 ** .44 ** 12.51 ** 5.43 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 __________  II xperimental season ___________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ .3 ϰ^ 14.0 # .  #^ 1.4 #^ 
5.   0. 4 ϰ^ 0 28 A ^ .5  .  .3   17.7 c  ^ 7.  ϰ#^ .2 cB .5   
7.   . 7bA ^ .31 bA .4 ϰ^ .    . b  ϰ 9 8.7 ϰ# .8 bA #^ 1.  cA #^ 
0.0  .26  ^ . 1   .   .7  17 bB ϰ#^ 23 0 A ^ 6.7 ϰ#^ .6  2.  a  ^ 2 8 A 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 0.5 aA ϰ 7 cB ϰ#^ 2 1 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76 *  3.44 S 2.45 NS 0.85 S 20.97 *  
CSS rates  37.49 ** 4.59 * .55  13.15 ** 36. 2 ** 
(AM) × (CSS) 6.81 ** 0.2  NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 .2 9.8 4.6 
___________________ I terpretation li t 1 ___________________ 
Low 0–0.20 0–0.2 0 4 –1.2 0–0.5 
Medium .21–0.6  .3–0.8 5–12 3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a d NS—indicate significance at p ≤ 0.05, p ≤ 0.01, an  n t sig ificant, respect vely. Significant differences (p ≤ 0.05; Tukey test) betw e  C S r tes (lowercase 
letter ) r applicati  methods (uppercase lett s) ar  indicat d by different le ters ft r means within the same colu n. Significant differences (p ≤ 0.05; Dun ett 
test) a o g the t atments are i dicat d b  different symbols (ϰ, #) fter the ea s w thin the same colu . Significa t ifferences (p ≤ 0.05; T key test) a ong the 
treatm nts for differ  experimental eas ns (I vs. II) are indicat  by the pr sence f  caret ymbol (^) fter the eans with n he same column. 1 Raij et al. [35]  
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Table 3. Soil micr u rient concentration (mg kg−3) after two con cutive exper me tal easo s of s y ea  cultivation accord ng t application m thod (AM: WA = 
whole ar ; BR = be wee r ws) a d treatm ts (control, conve tio al fertilization (CF), d CSS increasin  rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR WA BR  BR WA BR
 _ _ __ _ _ _ _ I experimental seas n _________________ 
Control . 0 ϰ .1 ϰ^ 34.8 ϰ  .  ϰ
CF 0.26 #^ .3 ϰ^ 2  ϰ 25.6 #^ 0.6 
5.0  .28 c ^ 0.41 b   bc ϰ^ .6 A ^ 4 ^ 7 ϰ^ 8 6 .4 a   .0  1.2 a ^ 
7.5 CSS . 3 a ^ .31 c 2.7 a ^ .2 B ϰ 5 ^ 21 ϰ 29.  a ϰ#^ 29.2 bc  #^ .  b 8   
.0 3  B 0.64  .4 B ϰ^ .   ^ 1 ϰ    6 7 B  35.9   2.0 a ^ 1 1 aB ϰ^ 
12.5 CS  . 3 a  ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 5 a 27 a  ϰ^ 29.  aA ϰ#^ 28.5 cA ϰ#^ 1. bA 1.3 a  
F-test  
AM 5 .48 ** . 0  3.7  S 19.73 ** 1 .62 ** 
CSS rates 35.9  . 2 NS 3 27 * 2 63 NS .   
(A ) × (CSS) 9.71 ** 8.51 ** 6.44 *  2. 1 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __________________________ II experimental season _________________ 
Control ,19 ϰ .   17.7 ϰ^ 19.  ϰ  0.6 ϰ 
CF 0 42 #^ 1.3 ϰ^ 4 0  5.1 #^ 1.4 #^ 
.0  . 4  ϰ^ 0 28 A  .5  .  .3  ϰ#^ 7.7 c  ^ .1 ϰ#^ .1 .2 cB  .5  
7 5 CSS 7b   .31 A 1.4 ϰ^ 1.6 ^ . bA ϰ#^ 18.7 b  ϰ 1 .9 1 .7 ϰ#^ 1.8 b #^ 1.7 c  #^
.0  .26  ^ . 1 a  . .7 17.0  ϰ#  23.0 a ^ 6.7 ϰ#^ .6 2.  a  ^ 2.8 ^ 
12 5 CSS 37 B #^ 0 44 A # 1.6 ^ 1.6 ^ 20 A ϰ 15.7 cB ϰ#^ 12.1 #^ 15.  #^ 1.3 cA # .2 b  
F-test  
AM 8.76  3.44 NS 2. 5 S 0.8  NS 20. 7  
CSS rates  37.49 ** 4. * 4.55  13.15 * 36.42 ** 
(AM) × (CSS) 6.81 ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
_________________ I rpretat  l it  _________________ 
Low 0–0.20 –0.2 0 4 0 .2 0– .5
Medium 0.21–0.60 0.3– .8 5–12 1.3–5.  0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i di te significance at p ≤ .05, p ≤ 0.01, a  not signifi ant, respect vely. Significa t differences (p ≤ 0.05; Tukey test) b twe  CSS rates (lowercase 
letter ) or a licati  m ho  (uppercase letters) a e indicated by ifferent lett rs after mea s within the same colu n. Significant differences (p ≤ 0.05; Dunnett 
tes ) mo g th  treat ent  are in icated by different symbols (ϰ, #) aft r the ea s within the same colu n. Significa t differences (p ≤ 0.05; T key test) among the 
r atme ts fo  different experimental seas ns (I vs. II) ar  ndica ed b the presenc  of the caret sy bol (^) aft r the means within the same column 1 Raij et al. [35]. 
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Tabl  3. Soil micr ut ie t c centrati n (mg kg−3) fter two c ecutive experim t l e s of soybe  culti at ccord ng t  applicati  meth d (A : WA = 
whole r a; BR = be w en rows) a d tr atments (con rol, c ven ional fertiliz ion (CF), and C S increa i rat s—Mg ha−1 on  w t basis).
Treatment  
B Cu Fe Mn Zn 
A BR WA WA BR WA BR WA BR
 I experimental season _________________ 
Control .  ϰ .  ^ ϰ^ 34.8 ϰ  .5 ϰ
CF 0.26 #^ 2.3 24 5.6 #^ 0.6 ϰ^ 
5. SS .28 c 0.41 b  ^ 4 bc  ϰ^ .6 a  ^ 4 ^ 7 a  ϰ^ 2 . 32.4 a ^ 1.0 b  ϰ 1.2 a ^ 
7.5 CSS 43 a ^ .31 cB 2.7 a  ^ .2 B  25 a  1 b ϰ 29. a  ϰ# .  bc  ϰ#^ .3 b  .8  
.3 B  0 a  2 4 B ϰ^ .6 A ^ 1 ϰ^ 6.  B 3 .9   .0 aA ^ 1.1 aB ϰ^ 
12.5 CSS . 3 a  ^ 0.45 bA .6 b  ^ 2 bA Aϰ 27 aA ϰ^ 2 8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.  aA
F-test  
AM 50.48 ** .30  3.77 NS 19.73 ** 11.6 ** 
CSS rates 3 .9   0.  NS . 7 * 2.6  NS .16  
(AM) × (CSS) 59.7  ** 8.   6 44 ** 1 .5  * 5.43 ** 
V (%) 8.4 6.3 9.7 24.8 
 _________________ II experimental season _________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ
CF 0.42 #^ .3 ϰ^ 14.0 # 5.1 #^ 1.4 #^
5.0 SS 4 ϰ^ 0.28 b  ^ .5 ^ .6 ^ 7.3  ϰ#  1 .7b A 17 1 ϰ#^ 7.  .2 cB  .5   
.5 CSS 7b   . 1 bA .4 ϰ  1.6 ^ .  A ^ 18.7  ϰ 8.9 1 .  .8  #^ 1.7  #^ 
.0 0.2 b  ^ . 1 #^ .  .7 7.0 b ϰ# 23 0 16.7 ϰ#^ .6 2.5 a  2.8 A ^ 
12 5 CSS .37 B #^ 0.44 aA # 1 6 ^ 1.6 ^ 20 5 aA ϰ 15.7 B ϰ ^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3. 4  2.45 NS .85 NS 20. 7  
CSS rates  37.49 ** . 9  4.55  13.15 * 36.4  ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9 8 14.6 
 _________________ I terpret t o  limi  1 _________________ 
Low 0–0.20 0–4 –1.2 5
Medium 0 21–0.60 0.3–0.8 5–12 1.3–5.0 .6–1.2 
High >0.60 0.8 >12 >5.0 >1.2 
*, ** an  NS—i d te s gnificance at p ≤ .05, p ≤ 0.01, an  not signifi ant, respect v ly. Sig ificant diff re ces (p ≤ 0.05; Tukey t st) betwe CSS rates (lowercase 
lett s) or application etho  (uppercase let er ) r  i dicated b differe t lett rs af er m ans wi hi  th  s me colu n. Significant differ nces (p ≤ 0.05; Dunnett 
test) among th  reatments are in icate  by i f ent symbols (ϰ, #) af er he mea s within t  s me colum . Significa t diff renc s (p ≤ 0.05; T key test) a o g the 
treatments for differe t experimental seasons (I vs. II) are i dicate by the presenc f he caret symbol (^) af er the means within th  s me colu n 1 Raij et al. [35]. 
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Table 3. Soil mi ro ut i t conc rati  (mg kg−3) ft r two c cutiv ex eri t l seaso f s ybea culti ati n according to pplication m thod (A : WA = 
whole r a; BR = be ween ows) nd t ts (co tr l, conventi l fertiliz ion (CF), nd C S incre i g r tes—Mg ha−1 on a wet basis).
Treatment  
B Cu Fe M Z  
WA BR WA BR BR W BR 
  I xperimental season _ _ _ _ ____________________________________________________
Control .20 ϰ .   2 ϰ  34 8 ϰ  .5 ϰ
CF 0 6 #^ 2 ϰ^ 2  ϰ 5.6 #^ 0 6 ϰ^ 
5  0.28 c  ^ .41 b ^  bc  ϰ^ .  a ^  7 aA ^ 2 6   3 4 ab  0 ϰ 1.2 aA ^ 
7. ^ 0.31 cB 7 a ^ .2 B    ϰ .1  ϰ#^ 9. c  ϰ#^ 3   .8   
0.0  .35 bB  0.64 aA ^ .4 B ϰ^ 2.6 a ^ 1  6 7 B  3 9 a   2.0 aA ^ .1 aB ϰ^ 
12.5 CSS 0.43 a  ^ 0.45 b  2.6 abA ^ .  bA 25 ϰ 27 ^ 9.8 a  28 5 c  ϰ#^ .4 bA .3 aA 
F-test 
AM .48  .  3.7  NS 9.73 ** 1.62 ** 
CSS rates 35.9  0. 2 NS 3 2 * . 3 NS .16
(AM) × (CSS) 9.7  ** 8.  ** 6.44  12.51 ** 5.43 ** 
CV (%) .4 6.3 9.7 6.2 24.8 
  II xperimental season _ _ _ _ _ ____________________________________________________ 
Control 0,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF .42 #^ 1 3 ϰ^ .0 # 15. #^ 1.4
5.   .24  ϰ^ 0 28 bA ^ .5 ^ .  .3  1 . bc   17.  .2 cB  5   
7   7  ^ 0 31 bA 1.4 ^ .    18 7 ϰ 9 8.7 ϰ 8 b #^ 1.7 A #^
0.0  . 6 b  ^ . 1 #^ .  7 7 bB ϰ#^ 23.  6.7 ϰ#^ .6 2.5 a ^ 2.8 aA ^ 
2.5 CSS 0 37 B #^ 0 44 A # .6 ^ 1 6 ^ 2 .5 a ϰ 15.7 cB ϰ#^ 2 1 15. #^ 1. cA # 2.2 bA 
F-test  
AM 8.76 *  .44 S 2.45 NS 0.85 S 20.97 *  
CSS rates  37.49 ** 4. 9 .55 13.15 ** 36. 2 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19 11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.  8.2 9.8 14.6 
  Inter retation limit 1 __ _ _ _ _ ____________________________________________________
Low 0–0.20 0 0.2 –4 –1.2 –0.5 
Me ium . 1–0.6  0.3– .8 5–1 1.3–5.0 0.6–1.2 
High >0.60 >0.8 12 >5.0 >1.2 
*, ** and NS—i dicate significance at p ≤ 0.05, p ≤ 0.01, and ot significan , r pectiv ly. S gnifica t differences (p ≤ 0.05; Tukey t st) b t e  CSS rates (l wercase 
lett s) r a licatio  thods (uppercas  let rs) re i icat d by differe t letters after mea s wi h  h  same colum . S gnificant differences (p ≤ 0.05; Dunnett 
t s ) mo g th  t atments are i icat d by differen  sy bols (ϰ, #) aft r the ea s wi hin h  sa e colu . S g ificant ifferences (p ≤ 0.05; T key test) among the 
tr tm nts for iffer t experim ntal eas s I vs. I) are indica ed by the pr sen e  the c ret sy bol (^) aft r the means ithin the same colum . 1 Raij et al. [35]. 
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Tabl  3. il mi ro u i t c nc ntr tion ( g k −3) ft r w s cutive ex t l s sons f ybe ultivati  ccording t  application method (A : WA =
wh le a; BR = be wee  rows) and t eat s control, co ve i al fertilization (CF), d CSS inc sing rate —Mg ha−1 on a wet basis). 
Treatment  
B u Fe M Zn 
W  BR WA BR WA BR WA R WA BR
 _ _ I experiment l season ____________________  
Control ϰ .1 ^ 2 ϰ^ 34.8 ϰ  .5 ϰ 
CF 0. 6 #^ .3 ϰ  24 ϰ 25.  #^ .6 ^ 
.0 CSS 0.28 c  ^ 0.41 bA ^ 2.4 bc  ϰ^ 6 a ^ 4 ^ 27 aA ϰ 28.6 a ϰ#^ 32.4 a   .0 bA ϰ 1.2 A ^
. CSS 0.43 a  ^ 0.31 cB .7 A ^ 2 B ϰ 5 a  2  b ϰ .1 a  ϰ#^ 9.2 bc  ϰ#^ 1.  b   0.8 a   
0.   .35 bB  0.6 aA ^ .4 B ϰ^ 2.6 aA ^ 1 ϰ^   6.7 B  3 .  a  2.0 aA ^ 1.1 aB ϰ^
12.5 CSS 0.43 aA ^ .45 b  2.6 abA ^ 2.5 ab ^ 25 a ϰ 27 a  ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA .3 aA 
F-test  
AM 50.48 ** . 0  3.77 NS 19.73 ** 1.62 ** 
CSS rates 35.9  0.4  NS .27 * 2.63 NS 6
(AM) × (CSS) 59.7  ** 8. 1 ** .44 * 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 II experimental season ____________________ 
Control ,19 ϰ .  ^ 17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  14.0 # 15.1 #^ 1.  #^ 
5.0 C  0.24  ϰ^ 0.28 bA ^ .5  1.   .3 bA #  bc  ^ 7.1 ϰ#^ 7.1  1.2 cB # .5 A  
.5 CSS 0. 7bA  0.31 bA 1.4 ϰ^ 1.6 17.  A  18.  b  ϰ 8.9 18.7 ϰ#^ 1.8  #^ 1.7 c  #^ 
0.0 .26 b  ^ 1 aA #^ . .7 ^ .0 bB ϰ#^ .0 aA ^ 16.7 ϰ#^ .6  2. a  ^ 2.8 A ^ 
2.5 CSS 0.37 B #^ 0.44 A # 1.6 ^ 1.6  0.  aA ϰ .7 B ϰ#^ 12.1 #^ 1 .5 #^ 1.3 cA # 2.2 bA
F-test  
AM 48.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates 37.49 ** 4.59 * 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 9.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 .0 .2 9.8 14.6 
  Int rp t io  limit 1 ____________________ 
Low 0– .20 – .2 0–4 0–1 2 –0.5
Med um 0.21–0.60 0.3– .8 –12 .3–5.0 0.6–1.2 
High >0.60 > .8 >12 >5.0 >1.2 
*, ** d NS— dicat  s gnificanc   p ≤ 0.05, p ≤ 0.01,  ot significan , resp ctiv ly. Signifi nt differe ces (p ≤ .05; Tuk y t st) betw en CSS rat s (lowercase 
l tt rs) or applicatio  methods (upp ca e l t ers) r  indic te  by differ nt letters ft r m an  ithi e sa  col . Signifi ant differe ces (p ≤ 0.05; Dunnett 
te t) o g h  treat e t  r  indicat d by diff r nt ymbol  (ϰ, #) aft r t  m withi  e column. Signifi ant differe c s (p ≤ 0.05; T key test) a ong the 
t eatm ts for diff rent exp im ntal s asons I vs. II) re indicated by the presen  f the care sy bol (^) after the means with n the sa e colu n. 1 Raij et al. [35]. 
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Table . S il micr utrie t conce tr ti n (mg k −3) aft r t o secu ive xp rimental seas s of soyb an ultivation acc di g to pplicatio  meth d (AM: WA = 
whol ar a; BR = be ween rows) a d t t nts (co trol, conve ti al fertilization (CF), nd CSS i creasing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Z
W BR W BR WA BR W BR WA BR 
  I experiment l season ______________________  
Control .20 ϰ .  ϰ^ 2 ϰ^ 34.8 ϰ^ 0.  ϰ
CF 0. 6 # 2.  ϰ^   5.6 #^ 0.6 ϰ  
5.   0.28 c .4 b ^ 2.  bc  ϰ^ a  ^ 4 ϰ^ 7 a ^ 8.6 a 32 ab  #  .   ϰ 1.2 a  ^
7. . ^ .31 cB .7 a ^ 2.2 B ϰ  ϰ^ 21 b ϰ ϰ#^ 9.2 bc  ϰ#^ .3 ^ 0.8  ϰ^ 
0.0  0.35 bB  .64 ^ 4 B ϰ^ 2. a  ^  ^   ϰ^ 26.7 aB 35.9 a  ϰ#^ 2.0 a  ^ 1.1 aB ϰ^
2.5 C S 0.43 aA ^ 0.45 b 2.6 ab  ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-t st 
AM 0.48 ** 3 S .7 NS 9.73 ** .  ** 
CSS rates 35.9  ** 0.42 NS 3 . 3 NS .16 ** 
(AM) × (CSS) 59.71 ** 8.51 ** 6.44 ** 2. 1 ** 5. 3 ** 
CV (%) 8.4 6.3 9.7 6.2 24.8 
 _  II experimental season ______________________ 
Control 0,19 ϰ .  ϰ^ 7 ϰ^ 9.  ϰ^ 0.6 ϰ
CF 0.42 #^ 1.3 ϰ  14.0 # 15.  #^ 1.4 ^
5.   0.24 ϰ^ . 8 ^ .5 ϰ^ .  ^ .3 ϰ#^ 7. bc  ^ 7.1 ϰ#^ .1 ϰ#^ 1.2 cB # .5  #^
.   0.27 A ^ 0.31 b 4 ϰ^ .  ^ ϰ#^ 18 7 b  ϰ 8.9 ϰ#^ 8 7 ϰ#^ 8 b #^ 1 7 c  #^
0.0 0. 6 bB 1 .  ^ .7 ^ 7.0 B ϰ#^ 23. A  ϰ#^ .6 #^ 2.5  ^ .8 a  ^ 
12.5 CSS 0.37 B #^ 0.44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ 1 .7 cB ϰ#^ 12.1 #  15.5 #^ 1.  cA # 2.2 bA 
F-test 
AM 48.76 ** 3.44 S 2.4  NS 0.8  S 20.97 ** 
CSS rates  37.49 * 4.59 * 4.55  13.15 ** 36.  * 
(AM) × (CSS) 6.8  ** 0.29 NS 19.11 ** 2. 4 NS 6. 6 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
______________________ _____ __ _ I terpretat o limit 1 ______________________ 
Low 0– .20 0– .  –4 0–1 2 –0.  
M ium .21–0.6  .3– .8 5– 2 1.3–5.  0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** nd NS—in icate s gn fica e at p ≤ 0.05, p ≤ 0.01, a d ot i ifi a t, r p ctively. Sig ificant differences (p ≤ 0.05; Tuk y test) be ween CSS rates (lowercase 
le t rs) or applicatio  m t ods ( ppercase lett rs) ar i ic ed by diff r nt l tters after mean withi  the sam  colum . Significant differences (p ≤ 0.05; Dunnett 
t st) mo g tr tments are i icat  different sy bols (ϰ, #) ft r t eans wit i  the same column. Significant differences (p ≤ 0.05; T key t st) among the 
r atm s for d ff rent x e imental s as s (I v . II) ar indic t d by the pres nc of  ar sy bol (^) after t e means within the same column. 1 Raij et al. [35]. 
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T bl 3. Soil mic o utri n conce trati n (mg kg−3) ft r w c secutive xperime tal seas s f soybea  ult vation accor ing to application method (AM: WA = 
whol rea; BR = be we  r ws) a d treatments ( on rol, co ventional fertilization (CF), and SS increasing rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR W  BR WA BR WA BR WA BR 
____________________ I experimental season ____________________ ____________________  
Control .20 ϰ .  2 ϰ^ 34.8 .5 ϰ 
CF 0. 6 #^ 2.3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 SS 0.  c ^ 0.41 b ^ 2.4 bc  ϰ^ 2.6 a  ^ 24 a ^ 7 a ϰ^ 28.6 a 3 .4 a  ^ 1.0 b  ϰ 1.  a ^ 
7. CS 0.43 a  ^ 0.3  c 2.  aA ^ .2 B ϰ 25 a 2  b  ϰ 29 1 a ϰ#^ 9.  bc  ϰ# 1 3 b  0.8 
0.0 0 5 bB .  a ^ .  B ϰ^ .6 aA ^ 1 ϰ^   . B  35.   0 aA ^ 1.1 aB ϰ^ 
12.5 CS  0 3 aA ^ 0.45 bA 2.  abA ^ 2.5 abA ^ 25 aAϰ 27 a ϰ^ 29.8 aA ϰ#^ 2 .5 cA ϰ#^ 1.4 bA 1.3 aA
F-test  
AM 5 .48 ** .30  .77 NS 19.73 ** 11.62 ** 
CSS rates 9   0.4 NS 3.27 * 2.63 NS .   
(A ) × (CSS) 59 7  ** 8. 1 ** 6.44 ** 12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 _________________ __  II experimental season ____________________ ____________________ 
Control ,19 ϰ .  ^ 17.7 ϰ^ 9.1 ϰ  0.6 ϰ 
CF 0.42 #^ 1.3 ϰ  14.0 # 15.  #^ 1.4 #^ 
5.0 SS 0.24 A ϰ^ 0.28 b  ^ 1.5  1.6 ^ 7.3  ϰ#  7bc  ^ 17.1 ϰ#^ 17.1 ϰ#^ .2 cB  .5   
7.5 CSS 0. bA 0.3 b  .4 ϰ^ 1.6 ^ .  A 8.7  ϰ 8.9  8. 1.8 b   1.7 c #^ 
0.0 6  ^ 1 a #^  .7 1 .0 bB ϰ#  23.0  ^ 16.7 ϰ#^ .6 2 5 a  2.8 aA ^
12.5 CSS 0 37 aB #^ 0 44 A # 1.6 ^ 1.6 ^ 20.5 A ϰ .7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 A 
F-test  
AM 48.76  3.44 NS 2.45 NS 0.8  NS 20.97  
CSS rates 37.4  ** 4.59 * 4.55  3. 5 ** 36.42 ** 
(AM) × (CSS) 6.8  ** 0.29 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.0 8.2 9.8 14.6 
 ________ _ __ _  I terpre atio  li it  ____________________ ____________________
Low 0– .2 0– .2 –4 – . –0.  
Medium 0.21–0.60 .3– .8 5–12 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—ind cat sig ifica ce p ≤ 0.05, p ≤ 0.01, an  ot significant, e ctively. Significan  differences (p ≤ 0.05; Tukey test) betwee  CSS r t s (lowercase 
let ers) o  applica ion m ho s ( p ercas  etters) ar  icate  iffere t l tter a t  mean  within the sa e column. Signifi ant differe ces (p ≤ 0.05; Dunnett 
est) amo g the tre tments re indicated b  d fferent symb ls (ϰ, #) after the mea  within the sam  column. Signifi ant diff rences (p ≤ 0.05; T key est) amo g the 
t eat ents fo  differen exp ri ntal s as ns (I v . II) ar indicated by the prese c  of the caret symb l (^) after the mea  within the same column. 1 Raij et al. [35]. 
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bl 3. oil mic utri t c c tr ( g kg−3 ft r tw  s cutiv  exp rime l s s s of soybea cultivation accordi g to applic tion method (AM: WA = 
wh le r a; BR = b t een ows) a d tr ments ( ontr l, conve tional fert liz tio  (CF), and CSS increasin  r tes—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
W  BR WA BR W  R WA BR WA BR 
_______ __ __ __ _ I experimental season __________________  
Control .  ϰ ϰ^ 22 34.8 .5 
CF .2  #^ 2.3 ϰ^ 4 ϰ 25.6 #^ 0.6 ϰ^ 
5.0 . 8   0.4  b  ^ 2.4 bcB ϰ^ 2.6 a  ^ 4 7 aA ^ 28.6 B ϰ#^ 32.4 abA ϰ#^ 1  b ϰ 1. aA ^ 
7. C S 4 0. 1 c  2.7 aA ^ .2 bB ϰ a ϰ^ b  a ϰ#^ 29.2 c  #^ 1.3 ^ 0.8  ϰ^ 
.0 .35 bB ^ 0.6  aA ^ .4 abB ϰ^ .6 A ^ 2 aA ^ 6. B ϰ#^ 35.9  #^ .0 a   .1 aB ϰ^ 
12.5 CSS . 3 a ^ 0.45 bA 2.6 abA ^ . bA ^ 25 aA 27  29.8 a ϰ#^ 28 5 c  ϰ#^ .  bA 1.3 aA 
F-test  
AM 50.48 ** 0.30 S 3 77 NS 19.7  ** 11.62 ** 
CSS rates 35.9  ** .42 NS 3.27 * 2.63 NS . 6 ** 
(A ) × (CSS) 59.71 ** 8.51 ** .44 ** 12.5  ** 5.43 ** 
V (%) .4 6.3 9.7 6.2 24.8 
 ______ __ __ __ __ _  II experimental season __________________ 
Control ,19 ϰ 1. ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.42 #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 .24 ^ 0.28 bA ^ .5 ϰ^ .  ^ 1 3 b  ϰ#  7. bcA ϰ^ 7.1 ϰ#^ 17.1 ϰ#^ .2 cB # .5 A #^ 
7.5 CSS 0. 7 ^ 0 3  b 1.4 ϰ^ 1.6 ^ 7 0 bA #^ 1 .  8.9 ϰ#^ 18.  #^ 1.8 b #^ .7 cA #^ 
0.0 . 6 b ^ 0.41 aA #^ . ^ .7 7.0 b  #^ 23.0 aA ^ 16.7 ϰ#^ .  #^ .5 a .8 aA ^ 
1 .5 CSS 0.37 aB # 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 ^ 15.  #^ 1.3 A # 2.2 bA 
F-test  
AM 8.7  ** 3.44 NS 2.4  NS 0.8 NS 20.97 ** 
CSS rates  37.49  4.5  * 4. 5 3. 5 ** 3 . 2  
(AM) × (CSS) 6.81 ** 0.29 NS 1 .11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  In r reta ion limit  __________________ 
Low – .20 0–0.2 0 4 0–1.  0–0.5
Medium .21–0.60 .3– .8 – 1.3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
* **  NS—i d c ig if ca  p ≤ 0.05,  ≤ 0.01, a o  signif cant, r sp ctiv ly. Signific t diff r ces (p ≤ 0.05; Tukey test) betw  CSS ates (lowercase 
l s)  a pl c h ds ( pp c s l tter ) ar  ind cat   iffere t l r  a t  me s withi  the sam c lum . Significant diff re ces (p ≤ 0.05; Dunnett 
t o g tre t nt are i icated by differen  symbol  (ϰ, #) fter th m ans withi  the sam  colu . S gnificant differen es (p ≤ 0.05; Tukey test) a ong the 
tre m s for d ff re t xp rim nt l asons (I vs. II) are indicat d by he presenc  f the c r t ymbol (^) afte  th me ns ithin the same column. 1 Raij et al. [35]. 
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T ble . l m r utrie t c e tr ti (m kg−3) aft tw  co secutive experimen a  se sons of s ybea  cultivation according to application method (AM: WA = 
whole are ; BR = betw r ws) nd r a ments (c r l, conv tional fe t liz tion (CF), a d CSS increasing rate —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe M  Zn 
W BR WA BR W  A BR WA BR 
 _ I xperimental season _______________ ___________________  
Control .20 ϰ .1 ϰ 2 ϰ 4.8 ϰ  .5 ϰ 
CF 0.26 #^ .3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
5. SS . 8 c .  b 2.4 bc  ϰ^ .   ^ 2 a  7 8 6 a   32 4 bA  1.   ϰ 1.2 ^
7 . c .7 a ^ .2 B ϰ b  .1  ϰ#^ bc  ϰ#^ .3   0.8 ϰ^
0 0 .35 bB  0. 4 ^ 2.4 B ϰ^ 2.6 a  ^ 1   6.7 B 5.9 a   2.0 aA ^ 1.1 aB
1 .  CS  0.43  ^ 0 5 b 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27  ^ 9 8 a  ϰ#^ 28.5 c  ϰ#^ 1.4 bA .3 aA 
F-test  
AM 5 .48 * 30  3. 7 S 9.73 ** 11.62 ** 
CSS rates 35.9  0.42 NS 3.2  2. 3 NS .16  
(A ) × (CSS) 59.71 *  8.51 ** 6.44  12 51 ** 5.43 ** 
CV (%) 8.  6.3 9.7 6.2 24.8 
 II xperimental season _______________ ___________________ 
Control , 9 ϰ .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42 # 1.3 ϰ^ 4.0 # 15.1 #^ 1.4 #^ 
.  SS 0.24 ^ 0 28 b  ^ 1 5 1.6  1 3  7bc ^ 1 .1  1.2 cB  .5   
7.  7b ^ . 1 .4 ϰ^ .  1 .7 ϰ 9 8.7 ϰ#^ .8 b #^ 1. A #^ 
0 0 . 6 . 1 aA #  . .7 7 bB ϰ#^ 3 0 ^ 16.7 ϰ#^ .6  .5 a ^ 2 8 aA ^
12.5 CSS 0.37 aB # 0.44 # 1 6 ^ 1.6 ^ 20.5 aA ϰ 15.7 B ϰ#^ 2 1 15.5 #^ 1.3 A # 2.2 bA 
F-test  
AM 48.76 ** 3.44 S 2.4  S 0.85 S 20.97 *  
CSS rates  37.49 *  4.59 * 4.5   13.15 ** 36. 2 * 
(AM) × (CSS) 6.8  ** 0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.  8.  8.2 9.8 14.6 
 In erpretation limit 1 _______________ ___________________ 
Low – .20 0– .2 0 4 –1.2 0–0.5 
Medium .21–0.6  .3–0.8 5 12 .3–5.0 .6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** an  NS—in cate sig ifica ce  p ≤ 0.05, p ≤ 0.01, a d not sig ifican , r ec vely. Significa t iff r nces (p ≤ 0.05; Tukey test) betw  CSS r tes (lowercase 
l tter ) r ppl i  t ods (uppercas  l tter ) a  i dicat d by differe lett rs aft r mea s withi  the same colu n. Significant diff rences (p ≤ 0.05; Dunnett 
tes ) ong th at ents ar  i dicat d b differen  symbols (ϰ, #) fter th  s wi hi the ame colu n. Significant differ nces (p ≤ 0.05; T key test) among the 
treatm s for diff r  xp ri e l e so s (I vs II) re i dicat d by th pr senc  f the caret symbol (^) fter the ans within the same column. 1 Raij et al. [35]. 
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T b  3. oil m cr utr t co c tr i  (m kg−3) af two co s cutiv  exp rime t s sons of soybe cultivatio  according to application method (AM: WA = 
wh l  re ; BR = between w  a d r atme ts (c t l, conv ional fert l z tion (CF), and CSS increasin  r te —Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
W   WA BR WA A BR WA BR 
 I experimental season _________________ __________________ 
Control . .1  2 ϰ^ 34 8 ϰ  .5 ϰ
CF 0.2 #^ 2.3 ϰ^ 24 ϰ 5.6 #^ 0.6 ϰ^ 
5.0 8  ^ 0.4 b ^ 2.4 bc  ϰ^ 2. a  ^  7 a  8.6  32.4 ab   0 ϰ .2 A ^ 
.5 CS 0.43 a ^ 0.31 cB 2 aA ^ .2 B ϰ 5 a ^ 2 b  29.1 a  ϰ#^ 29 2 bc  ϰ#^ 1 3 b   0.8 a  ϰ  
.0  0. 5 bB  0.64  ^ B ϰ^ .6 aA ^ 1 ^    6.7 B  35.9   2.0 aA ^ 1 1 B ^ 
12.  CS  . ^ 0.45 b 2 abA ^ .  bA ^ 25 aA 27  ^ 29 8 a  ϰ#^ 8 5 c  ϰ#^ .4 bA 1.3 aA 
F-test  
AM 5 .48 *  .30  3. 7 S 19.73 ** 11.62 ** 
CSS rates 3 .9   .  NS 3.27 2.63 NS .16  
(A ) × (CSS) 59.71  8. 1 ** 6.44  2.5  ** 5.43 ** 
V (%) .  6.3 9.7 6.2 24.8 
  II experimental season _________________ __________________ 
Control ,19  .   7.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0.42  1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 0.24 A ^ 0.28 bA ^ .  .   7.3 ϰ#^ 17.7bc ^ 7.1 ϰ  7.1  1.2 cB  .5   
7.5 CSS 0 7b   0 31 b  4 ϰ 1.6 ^ 1 .  A  1 .7 b ϰ 18 9 18.7 ϰ#^ 1.8 b #^ 1.7 c  #^ 
0.0 . 6  ^ . 1 #^ . .7 7.0 b  #^ .0 aA ^ 16 7 ϰ#^ .6  .5 a ^ 2.8 aA ^
12.5 CSS 0.37 aB #^ 0.44 a  # 1.6  .6 ^ 20.5 aA ϰ 5.7 B ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2 2 bA 
F-test  
AM 48.76 *  3.44 NS 2.45 S 0.85 NS 20.97  
CSS rates  37. 9  4.59 * 4.5   13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 *  0. 9 NS 19.11 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
  I terpr ta ion limit 1 _________________ __________________ 
Lo  –0.2 –0.2 0 4 –1.2 0–0.  
Medium .21–0.60 0.3–0.8 5 12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** a NS—i i t  signif c at p ≤ 0. 5, p ≤ 0.01, and o  signi ica t, r ectively. Significa t iff r ces (p ≤ 0.05; T key test) betw  CSS ates (lowercase 
l t rs) r ppli tion ods (upp rc s l t rs) are cated by diff ren  lett rs aft r mea  wit i  t  sam colum . Signific nt diff r nces (p ≤ 0.05; Du nett 
s ) mo g the r at e ts  i ca d by differ t ymbols (ϰ, #) after the m ns withi the sa  colu . S g ific nt differ n es (p ≤ 0.05; T key test) among the 
tre t nt fo diff t xp ri al sons (I vs. II) r  i dica ed by the pr s nc  of the c ret sy bol (^) after the me ns within the same column. 1 Raij et al. [35]. 
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T b e 3. S il cronu ri  con e t atio (mg kg−3) after tw  co secut ve exper m tal season of soy ea cultivation according to application method (AM: WA = 
wh le r ; BR = betwee  row ) and treatments (cont ol, conventional fertiliza ion (CF), and CSS incre ng rates—Mg ha−1 on a wet basis). 
Treatment  
B Cu Fe Mn Zn 
WA BR W BR W  W BR WA BR 
______ ___ ____ I experimental season __________________________________________________  
Control . 0 ϰ .1 2 ϰ 34.8 ϰ  .5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 #^ 0.6 ϰ^ 
0 SS .28 c ^ 1 b ^ .6 a ^ 4 ϰ  7 aA  .6   32.4 ab   .0  ϰ 1.2 aA ^ 
7 5 CSS 0.43 a  ^ 0 3 cB .   ^ .2 B ϰ 2 ^ 2 b ϰ 2  #^ 29.2 bcA ϰ#^ 1.3 b   0.8   
0 S .35 bB  0 6 aA ^ .4 B ϰ .6 aA ^ a ϰ^  6 7  35.9 a   2.0 aA ^ 1.1 aB ϰ^ 
1 5 CSS 0.43 aA ^ 0.45 bA 2.6 bA ^ 2.5 abA ^ 25 ϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
AM 5 .48 ** .30  3.77 NS 19.73 ** 11.62 ** 
C S rates .9  0.42 NS 3.27 * 2.63 NS .16  
(AM) × (CSS) . 1 ** 8.51 * 6.4  *  12.51 ** 5.43 ** 
V (%) 8.4 6.3 9.7 6.2 24.8 
 __ ___ II experimental season __________________________________________________ 
Control ,19 ϰ .   17.7 ϰ^ 9.  ϰ  0.6 ϰ 
CF 0 42 #^ 1.3 ϰ^ 14 0  15.1 #^ 1.4 #^ 
5.0 0.24  ϰ^ 0.28 bA 5  .   17.3  ϰ#^ 17 7bcA ^ 1 .1 ϰ#^ 7.1  1.2 cB  .5   
.5 CSS . bA 0 31 bA 1 4 ^ .6 ^ .  b   18.7  ϰ 8 9  18.7 ϰ#^ 1.8 b  #^ 1.7 c  #^ 
.0 S .2  b ^ 0 a  #^  .7  17.0 B ϰ#^ 23.0  ^ 16 7 ϰ#^ .6  2.5 a  ^ 2.8 aA ^ 
12.5 CS  0 37 B #^ 44 A # 1 6 ^ .6 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #  15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 8.76  3.44 NS 2.45 NS 0.85 NS 20.97  
CSS rates  37.49 ** .59 4.55  13.15 ** 36.42 ** 
(AM) × (CSS) 6. 1 * 0.2  NS 19. 1 ** 2. 4 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 _____ Interpret t on limit 1 __________________________________________________ 
Low 0.20 0 0.  4 0–1.2 0–0.5 
Medi m 0.2 – .60 0.3–0.8 5– 2 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, **  NS—i dica i ifi c  a p ≤ 0.05,  1, n  o significan , resp tively. Sig ifica t differences (p ≤ 0.05; Tuk y test) betwee  CSS rates (lowercase 
l tt r ) o  ppl io meth s (upp rcas lett rs) re ind ca ed by d ferent letters after mea  withi  th  same column. Sig ificant differences (p ≤ 0.05; Dunnett 
t) m g t  tr a nt are indi ated b  dif r t sy bols (ϰ, #) af r th  mea s withi  the same c lu n. Significant differences (p ≤ 0.05; T key test) among the 




AM 4 8 NS .49 NS 1. NS . 3 NS .89 NS .89 NS 1.11 N
C S rates (wb) 0.46 NS . 5 NS 0.6 NS 4 5* 0.26 N 0.8 NS 0.25 N
(AM) × (CSS) 0.25 NS 0.62 NS 1.05 S 0.27 NS 0.92 N 0.37 NS 2.35 N
CV (%) 3.0 11.3 17.1 17.4 5.3 9.0 7.9
, ** and NS—indicate ignifica ce at p ≤ 0.0 , p ≤ , nd not significant, respectively. Significant differences (p ≤ 0 05; Tukey test) among th CSS dose (l w rcase letters) and between
application methods (uppercase lette s) are indicat d by different l tt rs af er means within the same c lumn. Significant differ nces (p ≤ 0.05; Du nett test) a ong the treatments re
indicated by diff rent symbols
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Table 3. Soil micronutrient concentration (mg kg−3) after two consecutive xperiment l seasons of soy e n cultiv tion ac ording to pplic tion method ( M: W =
whole area; BR = between rows) and treatments (control, conventional fertilization (CF), nd CSS increasing r tes—Mg h −  on a wet asis)
Treatment 
B Cu Fe Mn Zn 
WA BR WA BR WA BR WA BR WA BR 
 ______________________________________________________________ I experimental season ________________________________________________________________________  
Control 0.20 ϰ 2.1 ϰ^ 22 ϰ^ 34.8 ^ 0.5 ϰ 
CF 0.26 #^ 2.3 ϰ^ 24 ϰ 25.6 # 0. ϰ^ 
5.0 CSS 0.28 cB ^ 0.41 b  ^ 2.4 bcB ϰ^ 2 6 aA ^ 24 a ϰ^ 2 aA 28.6 aB #^ 2  abA #^ 1 0 b  1.2 a
7.5 CSS 0.43 aA ^ 0.31 cB 2.7 aA  2.2 bB ϰ 25 aAϰ^ 2 A ϰ 29.1 a  #^ 29 2 bcA #^ .3 bA ^ 0.8 aB ϰ  
10.0 CS  0.35 bB ^ 0.64 aA ^ 2.4 abB ϰ^ 2.6 aA ^ 21 aAϰ^ 27 aA ϰ^ 6.7 aB ϰ#^ 35.9 aA ϰ#^ 2.0 aA ^ 1.1 aB ϰ^ 
12.5 CS  0.43 aA ^ 0.45 bA 2.6 abA ^ 2.5 abA ^ 25 aAϰ 27 aA ϰ^ 29.8 aA ϰ#^ 28.5 cA ϰ#^ 1.4 bA 1.3 aA 
F-test  
 50.48 ** 0.30 NS 3.77 NS 19.73 ** 11.62 ** 
CSS rates 35.91 ** 0 42 NS 3 27 * 2.63 NS 5.16 ** 
(A ) × (CSS) 59.71 ** 8.51 ** 6. 4 ** 1 51 ** . 3 ** 
CV (%) 8.4 6.3 9.7 6.2 2 8
 ______________________________________________________________ II experimental season ________________________________________________________________________ 
Control 0,19 ϰ 1.3 ϰ^ 17.7 ϰ^ 19.1 ϰ^ 0.6 ϰ 
CF 0.4  #^ 1.3 ϰ^ 14.0 # 15.1 #^ 1.4 #^ 
5.0 CSS 0.24 bA ϰ^ 0.28 bA ^ 1.5 ϰ^ 1.6 ^ 17.3 bA ϰ#^ 17.7bcA ϰ^ 17.1 ϰ#^ 17.1 ϰ#^ 1.2 cB # 1.5 cA #^ 
7.5 CSS 0.27bA ^ 0.31 bA 1.4 ϰ^ 1.6 ^ 17.0 bA ϰ#^ 18.7 bA ϰ 18.9 ϰ#^ 18.7 ϰ#^ 1.8 bA #^ 1.7 cA #^ 
10.0 CSS 0.26 bB ^ 0.41 aA #^ 1.6 ^ 1.7 ^ 17.0 bB ϰ#^ 23.0 aA ^ 16.7 ϰ#^ 15.6 #^ 2.5 aA ^ 2.8 aA ^ 
12.5 CSS 0.37 aB #^ 0.44 aA # 1.6 ^ 1.6 ^ 20.5 aA ϰ 15.7 cB ϰ#^ 12.1 #^ 15.5 #^ 1.3 cA # 2.2 bA 
F-test  
AM 48.76 ** 3.44 NS 2.45 NS 0.85 NS 20.97 ** 
CSS rates  37.49 ** 4.59 * 4.55 * 13.15 ** 36.42 ** 
(AM) × (CSS) 6.81 ** 0.29 NS 19.11 ** 2.94 NS 6.46 ** 
CV (%) 9.0 8.0 8.2 9.8 14.6 
 ______________________________________________________________ Interpretation limit 1 ________________________________________________________________________ 
Low 0–0.20 0–0.2 0–4 0–1.2 0–0.5 
Medium 0.21–0.60 0.3–0.8 5–12 1.3–5.0 0.6–1.2 
High >0.60 >0.8 >12 >5.0 >1.2 
*, ** and NS—indicate significance at p ≤ 0.05, p ≤ 0.01, and not significant, respectively. Significant differences (p ≤ 0.05; Tukey test) between CSS rates (lowercase 
letters) or application methods (uppercase letters) are indicated by different letters after means within the same column. Significant differences (p ≤ 0.05; Dunnett 
test) among the treatments are indicated by different symbols (ϰ, #) after the means within the same column. Significant differences (p ≤ 0.05; Tukey test) among the 
treatments for different experimental seasons (I vs. II) are indicated by the presence of the caret symbol (^) after the means within the same column. 1 Raij et al. [35]. 
 
, ) after the mea s within the sam c umn Significa diff rences (p ≤ 0. 5; Tukey te t) among th tr a m nts for diff re t experimental seasons (I vs.
II) are indicated by the presence of the caret ymbol (ˆ) after the m ans wi hin h same column PH = pla t h ight; HFP = height of the fir t pod; NPP = number of pods per pl nt;
NGP = number f grains per plant; SW = 1 0 seed weight; FPP = final plant p pulati ; w = wet asis; M = application method; WA = whole area; BR = between rows; CF =
conve tional fertilization; CSS = com ost d sew g sludge.
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Table 8. Equation, with R2 coefficient, best describing plant parameters as a function of CSS application
rates, after two years of soybean cultivation.
Equation (WA) R2 Equation (BR) R2
___________________________________________ I experimental season ___________________________________________
PH ŷ = 122 NS ŷ = 126 NS
HFP ŷ = 13.2 NS ŷ = 13.7 NS
NPP ŷ = 98.250 − 8.000x + 0.400x2 0.73 ** ŷ = 40.800 + 5.080x − 0.280x2 0.77 *
NGP ŷ = 256.250 − 18.810x + 0.980x2 0.63 * ŷ = 154.320 + 2.470x 0.56 *
SW ŷ = 180 NS ŷ = 179 NS
FPP ŷ = 299 NS ŷ = 267 NS
Yield ŷ = 4855.300 + 53.930x 0.44 * ŷ = 4983 NS
___________________________________________ II experimental season __________________________________________
PH ŷ = 129 NS ŷ = 126 NS
HFP ŷ = 12.4 NS ŷ = 11.8 NS
NPP ŷ = 50 NS ŷ = 54 NS
NGP ŷ = 113 NS ŷ = 127 NS
SW ŷ = 166 NS ŷ = 170 NS
FPP ŷ = 407 NS ŷ = 385 NS
Yield ŷ = 4823 NS ŷ = 4685 NS
*, ** and NS—indicate significance at p≤ 0.05,≤ 0.01, and not significant, respectively. WA = whole area; BR = between
rows. PH = plant heights (cm); HFP = height of the first pod (cm); NPP = number of pods per plant; NGP =
number of grains per plant; SW = 1000 seed weight (g); FPP = final plant population (multiply 1000 plants per ha);
Yield (kg ha−1).
With the exception of crop yield, there was no significant difference in any of the plant parameters
between treatments and the control, for both experimental seasons (Table 7). Indeed, PH, HFP, NPP,
NGP, SW, and FPP did not show significant increases or decreases compared to the control or CF.
Conversely, crop yield showed a significant increase at higher CSS rates, namely 10.0 and 12.5 Mg
ha−1 with the WA method, by: (i) 12 to 20% over the control or CF during the first experimental season;
(ii) 12 to 21% over the control or CF during the second experimental season. Vieira et al. [43] evaluated
CSS application on soybean and also observed a positive effect on yield. Comparing the higher soybean
yields observed in our study (ranging from 5257 to 5549 kg ha−1, during the first experimental season
and from 4568 to 5102 kg ha−1 during the second experimental season) with the mean productivity in
Brazil (3300 kg ha−1) during the I harvest period [44], we noted that a yield increase of up to 67% could
be obtained with CSS application with the WA method. Importantly, investigated plant parameters,
productivity, and crop yield mostly showed no significant differences between the two experimental
seasons, indicating that application of CSS, even after two consecutive experimental seasons, is still
efficient in increasing and/or maintaining soybean crop performances. We must point out that just one
application of CSS was made at the beginning of the experiment. Overall, CSS promotes a significant
increase in soybean productivity and is, thus, a potential alternative to most utilized conventional
fertilizers for supplying micronutrients.
4. Multivariate Statistics
4.1. Correlation Matrix
The correlation matrix (CM), depicting correlations between plant parameters vs. leaf and
soil micronutrient concentrations (Table 9), showed several interesting results. For soybean leaf
micronutrient concentrations, CM showed that (Table 9, green columns): (i) plant height and final plant
population decreased with increasing micronutrient concentrations; (ii) all the other investigated plant
parameters increased at increasing micronutrient concentrations. Micronutrient concentrations in soils
showed fewer significant correlations with plant parameters. However, even in this case, they showed
the same behavior in influencing plant parameters as previously observed for their concentration in
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leaves. The only exception was for Zn, with its increasing concentration in the soil favoring: (i) a slight
decrease in the number of grains per plant and; (ii) a slight increase in final plant population.
Table 9. Pearson coefficients for correlations between plant parameters vs. leaf micronutrients
concentration (_L, green) or soil (_S, orange) for soybean.
B_L Cu_L Fe_L Mn_L Zn_L B_S Cu_S Fe_S Mn_S Zn_S
PH −0.31 ** −0.40 *** −0.43 *** −0.42 *** −0.41 *** NS −0.42 *** −0.29 * −0.44 *** NS
HFP 0.38 *** 0.40 *** 0.31 ** 0.35 ** 0.37 *** NS 0.32 ** NS 0.26 * NS
NPP 0.39 *** 0.56 *** 0.53 *** 0.52 *** 0.52 *** NS 0.50 *** 0.42 *** 0.53 *** NS
NGP 0.64 *** 0.78 *** 0.78 *** 0.75 *** 0.76 *** 0.25 * 0.77 *** 0.64 *** 0.69 *** −0.27 *
SW 0.52 *** 0.56 *** 0.51 *** 0.51 *** 0.56 *** 0.26 * 0.54 *** 0.48 *** 0.43 *** NS
FPP −0.60 *** −0.66 *** −0.70 *** −0.64 *** −0.66 *** NS −0.68 *** −0.60 *** −0.69 *** 0.34 **
Yield 0.50 *** 0.42 *** 0.45 *** 0.40 *** 0.52 *** 0.24 * 0.47 *** 0.32 ** 0.28 * NS
*, **, *** and NS indicate significance at p ≤ 0.05, p ≤ 0.01, p ≤ 0.001 and not significant, respectively. PH = plant
heights; HFP = height of the first pod; NPP = number of pods per plant; NGP = number of grains per plant;
SW = 1000 seed weight; FPP = final plant population.
Overall, CM for soybean showed that: (i) a few plant parameters (PH and FPP) would be
negatively affected by micronutrient concentrations in soil and leaves and, to a limited extent, in terms
of statistical significance (especially for PH).
4.2. Factor Analyses
The eigenvalues of the three extracted factors (Table 10) after the matrix rotation were greater
than 1 and these factors can, therefore, be grouped into a three-component model that accounts for
73% of all data variation for soybean.
Table 10. Factor loadings of a factor analysis for soybean; extraction method: principal factor analysis




PH −0.357 0.142 −0.596
HFP 0.493 0.220 −0.509
NPP 0.645 0.022 −0.011
NGP 0.828 0.090 0.153
SW 0.471 0.354 0.533
FPP −0.708 0.094 −0.274
Yield 0.316 0.488 0.610
B_L 0.864 0.167 0.162
Cu_L 0.957 0.028 0.149
Fe_L 0.932 −0.005 0.229
Mn_L 0.932 0.040 0.161
Zn_L 0.929 0.097 0.214
B_S 0.249 0.765 −0.039
Cu_S 0.893 0.245 0.209
Fe_S 0.755 0.171 0.171
Mn_S 0.892 −0.132 0.179
Zn_S −0.469 0.748 −0.004
Variance (%) 57 10 6
Cumulative variance (%) 57 67 73
Eigenvalues 9.616 1.694 1.082
Grey part = plant parameters (PH = plant heights; HFP = height of the first pod; NPP = number of pods per plant;
NGP = number of grains per plant; SW = 1000 seed weight), green part (_L) = leaf micronutrients concentration.
Orange part (_S) = soil micronutrients concentration.
F1, representing an impressive 57% of the variance, showed most of the investigated soil parameters
(Cu, Fe, Mn) as positively concordant with all leaf micronutrients and most of the plant parameters
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(HFP, NPP, NGP, SW). Conversely, soil Zn concentrations were negatively correlated with all the
previous reported parameters, with the exception of FPP. This confirmed what we had previously
observed in MC, i.e., that a few plant parameters, with low statistical significance, can be negatively
influenced by an increasing presence of some elements (with particular reference to Zn) in the soil as a
consequence of their increase due to CSS increased application rates. Conversely, an increase in CSS
rate, with a concomitant increase in several micronutrient concentrations in the soil, can positively favor
an increase in both leaf micronutrient concentrations and plant performance. For this reason, this factor
can be interpreted as the improvement in plant performance as a consequence of CSS application to
the soil. The other two extracted factors are of minor importance in terms of both eigenvalues and
explained variability (Table 10). F2 showed that yield increased as B and Zn concentrations in the
soil increased. This does not contradict the previous factor since it merely showed that Zn can exert
a negative influence, of statistically minor importance, for very few plant parameters while it can,
together with B, positively affect crop yield. For all these reasons, such a factor can be interpreted as
the pivotal role played by soil B and Zn in increasing crop yield. F3 showed that as crop yield increased
following an increase in SW, plant height and the height of the first pod decreased accordingly. Such
observations have previously been reported [45] and show that excessive development in PH can
negatively influence crop yield in soybean cultivation. For these reasons, F3 can be interpreted as the
influence of PH on soybean yield.
5. Conclusions
The results from the field trial of soybean crop in the infertile tropical soils of the Cerrado region
showed that CSS application to the whole area (WA) resulted in higher concentrations of B, Cu, and Zn
in soil and plant leaves, which are within their optimal range for crop production, thus avoiding
soil deficiencies and/or pollution. Micronutrient concentrations in plant leaves of soybean showed a
significant decrease with time without causing micronutrient deficiencies. In a few cases, concentrations
of some micronutrients exceeded the maximum critical levels; however, no symptoms of plant toxicity
were observed. As CSS application rates increased, crop yield increased accordingly. A yield increase
by 67%, in comparison to mean soybean productivity in Brazil, was observed at the higher CSS-WA
rates, while the present study accomplished an increase in soybean yield by 12 and 20%, respectively,
with CSS-WA higher rates as compared to the control and CF. Multivariate statistics showed that a few
plant parameters, with a few statistical magnitudes, can be negatively affected by CSS application.
Overall, the results from the present study confirmed that at higher CSS-WA rates, benefits occur in
terms of: (i) an increase in soil/leaf micronutrient concentrations; (ii) improved soybean productivity
on the infertile soil. From an applicative and practical viewpoint, our results suggest that the reuse of
CSS as fertilizer in the areas with naturally infertile soils, such as the Brazilian Cerrado region, should
be strongly encouraged. While Brazil is market leader for several commodities, which are exported
worldwide, around the 50% of its soils (in term of extension) are considered infertile or not suitable
for agriculture. This position in the worldwide market has been reached through the application
of new agronomic techniques, the development of advanced genetic material, improvements in the
control of pests, diseases, and weeds, and new soil preparation and fertilization practices. Additionally,
large amounts of synthetic fertilizers are usually applied to make cultivation economically feasible but
create concerns about the environmental and socio-economic sustainability of Brazilian agriculture.
From this perspective, our results showed that CSS represents an excellent alternative to CF as a
micronutrient source. Its reuse in infertile agricultural soils can achieve multiple objectives, including:
(i) limiting unproductive and dangerous disposal of these materials (landfill); (ii) decreasing massive
use of mineral fertilizers; and, consequently, (iii) avoiding related environmental and socio-economic
issues from both (i) and (ii). Considering CSS production is projected to increase over the next several
years in Brazil, there are tremendous opportunities for its reuse for sustainable cropping systems.
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